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14189, A NOVEL HUMAN KINASE AND USES THEREOF 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application is a divisional application of U.S. Application Number 

09/641,690, filed August 18, 2000, the contents of which are incorporated herein by this 
reference in its entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to novel human kinase nucleic acid sequences and the 

encoded protein molecules. Also provided are vectors, host cells, and recombinant methods 
for making and using the novel molecules. 

BACKGROUND OF THE INVENTION 
[0003] Phosphate tightly associated with a molecule, e.g., a protein, has been known 

since the late nineteenth century. Since then, a variety of covalent linkages of phosphate to 
proteins have been found. The most conmion involve esterification of phosphate to serine, 
threonine, and tyrosine with smaller amounts being linked to lysine, arginine, histidine, 
aspartic acid, glutamic acid, and cysteine. The occurrence of phosphorylated molecules, 
e.g., proteins, implies the existence of one or more kinases, e.g., protein kinases, capable of 
phosphorylating various molecules, e.g., amino acid residues on proteins, and also of 
phosphatases, e.g., protein phosphatases, capable of hydrolyzing various phosphorylated 
molecules, e.g., phosphorylated amino acid residues on proteins. 
[0004] Protein kinases play critical roles in the regulation of biochemical and 

morphological changes associated with cellular growth and division (DTJrso et al. (1990) 
Science 250:786-791; Birchmeier et al (1993) Bioessays 15:185-189). For example, these 
kinases have been shown to participate in the transmission of signals from growth-factor 
receptors (Sturgill et al (1988) Nature 344:715-718; Gomez et al (1991) Nature 353:170- 
173), control of entry of cells into mitosis (Nurse (1990) Nature 344:503-508; Mailer (1991) 
Curr, Opin. Cell Biol 3:269-275), and regulation of actin bundling (Husain-Chishti et al 
(1988) Nature 334:718-721). Protein kinases serve as growth factor receptors and signal 
transducers and have been implicated in cellular transformation and malignancy (Hunter et 
al (1992) Cell 70:375-387; Posada et al (1992) Mol Biol Cell 3:583-592; Hunter et al 
(1994) Cell 79:573-582). Alterations in kinase genes and their products can lead to 
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deregulated cell proliferation, a hallmark of cancer. Modulation of these genes and their 
regulatory activities may permit the control of tumor cell proliferation and invasion. 
[0005] Protein kinases can be divided into different groups based on either amino 

acid sequence similarity or specificity for either serine/threonine or tyrosine residues. A 
small number of dual-specificity kinases have also been described. Within the broad 
classification, kinases can be further subdivided into families whose members share a higher 
degree of catalytic domain amino acid sequence identity and also have similar biochemical 
properties. Most protein kinase family members also share structural features outside the 
kinase domain that reflect their particular cellular roles. These include regulatory domains 
that control kinase activity or interaction with other proteins (Hanks et aL (1988) Science 
241:42-52). 

[0006] Extracellular signal-regulated kinases/mitogen-activated protein kinases 

(ERKsVMAPKs) and cyclin-directed kinases (Cdks) represent two large families of serine- 
threonine kinases (see Songyang et aL (1996) MoL Cell Biol. 16: 6486-6493). Both types 
of kinases function in cell growth, cell division, and cell differentiation in response to 
extracellular stimuli. The ERKXMAPK family members are critical participants in 
intracellular signaling pathways. Upstream activators as well as the ERKVMAPK 
components are phosphorylated following contact of cells with growth factors or hormones 
or in response to cellular stressors, for example, heat, ultraviolet light, and inflammatory 
cytokines. These kinases transport messages that have been relayed from the plasma 
membrane to the cytoplasm by upstream kinases into the nucleus where they phosphorylate 
transcription factors and effect gene transcription modulation (Karin et aL (1995) Curr. BioL 
5: 747-757). Substrates of the ERKVMAPK family include c-fos, c-jun, APF2, and ETS 
family members Elkl, Sapla, and c-Ets-1 (cited in Brott et aL (1998) Proc. NatL Acad. ScL 
USA 95: 963-968). 

[0007] Signal-transduction pathways that employ members of the ERK/MAPK 

family of serine/threonine kinases are widely conserved among eukaryotes. The multiplicity 
of these pathways allows the cell to respond to divergent extracellular stimuli by initiating a 
broad array of responses ranging from cell growth to apoptosis. ERK/MAPK pathways are 
comprised of a three-tiered core-signaling module wherein ERK/MAPKs are regulated by 
MAPK/ERK kinases (MEKs), and MEKs, in turn, are regulated by MAPK kinase kinases 
(MAPKKKs). Mammalian stress-activated ERK/MAPK pathways have been implicated in 
numerous important physiological functions, including cell growth and proliferation. 



-2- 



Attorney Docket No. MPI00-268DV1M 

inflammatory responses, and apoptosis. For example, activation of the ERK1,2 signaling 
pathway by a mitogenic growth factor, a tumor promoter, or by transformation suppresses 
decorin gene expression in fibroblasts, which in turn may promote proliferation and 
migration of normal and malignant cells (Laine et al (2000) Biochem. J, 349: 19-25). 
[0008] Cdks regulate transitions between successive stages of the cell cycle. The 

activity of these molecules is controlled by phosphorylation events and by association with 
cyclin. Cdk activity is negatively regulated by the association of small inhibitory molecules 
(Dynlacht (1997) Nature 389: 148-152). Cdk targets include various transcriptional 
activators such as pUORb, pl07, and transcription factors, such as p53, E2F, and RNA 
polymerase U, as well as various cytoskeletal proteins and cytoplasmic signaling proteins 
(cited in Brott et al (1998) Proc, Natl Acad. Set USA 95: 963-968). 
[0009] Protein kinases play critical roles in cellular growth, particularly in the 

transduction of signals for cell proliferation, differentiation, and apoptosis. Therefore, novel 
protein kinase polynucleotides and proteins are useful for modulating cellular growth, 
differentiation, and/or development. 

SUMMARY OF THE INVENTION 
[0010] Isolated nucleic acid molecules corresponding to kinase nucleic acid 

sequences are provided. Additionally, amino acid sequences corresponding to the 
polynucleotides are encompassed. In particular, the present invention provides for isolated 
nucleic acid molecules comprising nucleotide sequences encoding the amino acid sequence 
shown in SEQ ID NO:2 or the nucleotide sequence encoding the DNA sequence deposited 
in a plasmid vector as ATCC Accession Number PTA-2333. Further provided are kinase 
polypeptides having amino acid sequences encoded by the nucleic acid molecules described 
herein. 

[0011] The present invention also provides vectors and host cells for recombinant 

expression of the nucleic acid molecules described herein, as well as methods of making 
such vectors and host cells and for using them for production of the polypeptides or peptides 
of the invention by recombinant techniques. 

[0012] The kinase molecules of the present invention are useful for modulating 

cellular growth, cellular proliferation, and/or cellular metabolic pathways, particularly for 
regulating one or more proteins involved in growth, proliferation, and metabolism. 
Accordingly, in one aspect, this invention provides isolated nucleic acid molecules encoding 
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«„ase proteins or biologic* active porUons .he«of, as well as nucleic acid tagn^nts 
suitable as primers or hybridization probes for the detection of Wnase^ncoding nucletc 

acids. 

,00131 Another aspect of th,s invention features isolated or tecombinant taase 

proteins and polypepUdes. Preferred kinase proteins and polypeptides possess a. le.. one 
biological activity possessed by the naturally occurring kinase proteins of .he .nvenUon. 
[0014] variant nucleic acid molecules and polypeptides substantially homologous to 

the nucleotide and amino acid sequences of the present invention are encompassed. 
AddiUonally, fragment and substantially homologous fragments of U,e nucleotide and 
amino acid sequences of the present invention are provided. 
rOOlSl Antibodies and antibody fragments that selectively bind the kmase 

polypeptides andf^gments thereof areprovided. Such antibodies are useful in deteairtgtite 
LIpolypeptidesasweU as in modulatingcellular growth, proUferation, and metabohsm. 
,,016] manotheraspecthepresentinventionprovidesamethodfordetectrngthe 
presence of kinase activity or expression in a biological sample by contacting the biological 
sample with an agent capable of detecting an indicator of kinase activity such dta. the 
presence of kinase activity is detected in the biological sample. 

L,71 in yet anotirer aspect, the invention provide, a method for modulating kmase 

activity comprising contacting a ceil with an agent that modulates (inhibits 
kinase activity or express.on such that kinase activity or exp^ssion in the cel. rs modulated. 
In one embodiment, ti,e agent is an antibody that specifically binds to kinase p««em. U 
another embodiment, tite agent modulates expression of kinase protein by modulating 
transcription of a kinase gene, splicing of a kinase mRNA, or translation of a km^ mRNA. 
to yet another embodiment, ti,e agent ts a nucleic acid molecule having a nucleotide 
sequence that is antisense to tite coding strand, or to a portion ti>er«>f , of the kinase mRNA 
or the kinase gene. 

,00181 in one embodiment, the methods of the present invention are used to neat a 

sul^ecthavingadisordercharacterizedbytite aberrant activrty or nuclercacidexpression of 

the kinase proteins of tite invention by administering an agent tira. .s a kmase modulator to 
the subject, in one embodiment, the kinase modulator is a kinase protein. In another 
em Jment the kinase modulator is a kinase nucleic ^id molecule. In other embod,ments, 
the kinase modulator is a peptide, peptidomimetic, or other small molecule. 
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.v.n ^Uo nrovides a diagnostic assay for identifying the 
rnftlQl The present invention also provioes* a ui 5 

activity of the kinase protein. 

n T„ei.ven«o„alsof«.uresme«,od.fori*=n«yi-.gaco.pou„d.ha. 

modulates the expression of a tanasegtne of the invMt.0 , 

the kinase sequence in the p«sence and absence of the compound. 

rr2" Othe.fea»resa,dadvantagesoftheinventionwiUheappa..n,«rcm.he 

following detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
,0,„, Hgu^s I A and IB prov.de the nucleotide (SEQ ID NO:I) and annno .id 

e <SEO m NO-2) for the novel human protein Mnase of the invenuon. hl4189. 
;:::r p"^".l-Dsho.anuc,eo,idese,uencea,ignmentof.heop. 

[0024J . j^c 1804 of the rat extracellular signal- 

«f hl41 89 (SEO ID NO:l) with nucleotides 151-18W 01 mc la 
:::rZ^Z7<AccessionNumherA«.smSEQIDN0..3,. ^esesequences 

rrr^rA^ow^a^noactd^uencealignmenthl^^^^^^^^^ 

::;.i.rate— ....g^a.-^^--^^^^^ 

cT30TnNO-4^ These sequences display 66.6% laenmyanu ^ ^, ® 

^26? Figures 4A and 4B Show hl4189 gene expression deterniine^ 

[00261 Figures .,,,uvnes The highest levels of h 14 189 expression 

quantitativePCRinvariousttssuesandcelltypes. Ihemg 

(HepG2.2.15), tibroiic iivc f . ^ , . , . rD34^) Significant levels of 

line (K562), and cells from mobilized penpheral blood (MPB CD34 ). g 
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«41S9 expression we« also observed in h„n» hepaUc s.Ua. cells, spleen, »nsil. cord 
blood, bone marrow, and dermal fibroblasts. 

DETAILED DESCRIPTION OF THE INVENTION 
,0«rn •n.epresentmven.ionisbased.a.leasunpart.on.hediseoveryotnovel 

!rules,re,e..ed«,he.einas"«nase..„ucle,cac.aandpo,,pep,tdemo,.^^^^^ 
7^1 . funcUon In, signaling pathways .socia^d wi. cellular growth, Uular 
;roUrer.on,«eren.a.ona„.orce.l„larme.aM^^^^^ 

rr^t —o" ^ncorpora^dherelnbyrele.^^^^ 
rlellMnasemolecnlesofthe — modnlatetheach^^^^ 

p^teins involved in cellular growth or di«e.en.ia.ion, e.g.. cardta^^, ^^^^^ 
I 1 fibroblast cell growth or differentiation. In another embodiment, the kinase 
"r^HnventionarocapableofmoduIa^^^ 
rmoleculeorthephosphor..a.ons^.«o^»^^^^ 

:ronhepresen.inven.onareatargetoIdrugsdes.^^^^ 
(1996) The Pharmacological Basis ofTherapeul.cs (9 ed.), ed. Hartn^n 
o^ts o, Which a« incorporated herein by reference. Particularly, the kmases of the 
;rirenUonmay modulate phosphorylaUonofcelMarprotelnsandprc^rna^^^^ 

^Tules in assues and cells including, but not Irmrted to, lung; kidney; spleen fet^ hver, 
:r hve..„^.chve...,mphnodes tons..^^^^^^^^^^^^^ 

rcr:— rrr::nibonema.w;op.^ 

rmLw,cordb.ood;hepaU«c-Cvirus-infectedhver(HCV)..a„d.hetra„sfo,med 

ervthroleukemia cell lines as shown in figure 4A and 4B. 

M used herein, the term "kinase" includes a protein, polypepti e or o h. 
o! roteinaceous molecule «.at is capable o, modulating iu own phosphorylation state or 
::ph:;orylations.a.eofadi„erentprotein,po.ypeptide,or„thernonpro^^^^^^^^ 
lie Iasescanhaveaspecmcityfor(i.e.,aspecmcitytophosphorylate) 
:l:^Lonineresid„es,tyrosineresidues,orbothserine,thre„ninea„d.yrosineres.^^ 
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eg .hedual-specmcuylunases. As ,ef^ «> he^i". ki-""- P«>''""^"7 
p„faab,y .nCud. a catalyUc domain of abou. 2(KM00 a^ino acid residues i„ .en^^ 
p.te.bly abou. 200-300 amino acid «sidues in lengih. or n«e prefera .y *o,^. 5M00 
annno acid residues i„ leng*. wh,ch includes preferably 5-20. more preferably 5-15. or 
n-ostpreferably 11 highly conserved amino acids separatedby sequences of amrno ac,ds 
,ri,h redu^ or nunimal conservation «ferred to herein as subdomains or nK,t,fs. 
specificity ofaMnase for phosphorylation of either tyrosine or serine/th^o™^^^^^^ 

pLcted by the sequence of two of the subdomains (Vn, and vm, in wh,ch 
^sidues are conserved in each class (as described in. for example. Han s e, a/. (19^ 
Scie^e 241:42-52. the contents of »hich are incorporated herein by reference). These 
subdomains are also described in further detail herein. 

"t, The novel Idnase protein and nucleic acid molecules of the present mvenfon 

Lion to a family of molecules having cer«.n conserved struc«^ and funcUonal features. 
T^e tenn -family" v-hen referred to he«in is intended to mean .»o or more protems or 
„„c,eic acid molecules having a common st^ctura, domain or mod, -""-avng — 
amino acid or nucleotide sequence identity as defined herein. Such fam.1, membe. can be 
naturally orno„-„a.ura«yocc„,ringandca„befr„mei.hertl»sameor.ffer^.,^^^ 

Por example, a family can contain a firs, protein o, human origin, as «ell a^ odter^sU"" 
p„,.eins of human origin or al^matively. can contain homologues of n«,-human ongm. 
Member, of a family may also have common functional characterisucs. 
[00301 one embodiment of the invention features kinase nucletc acd molecules. 

Uenrbly human kinase nucleic acid molecules that were idenUfed based on a consensus 
iL^ndomalncharacteristicofakinasefamilyof proteins. S^thenove^ 

Lan g ne. termed Cone h.41S9. is provided (SEQ NO.l; Figure 1). as we„ as v^^u 

and fra^ents ««reof. Such sequences are referred to as "kinase" sequences .ndtcattng that 

,he open reading fr^nes share sequence similarity with those of kinase genes. 

100311 The isolated nucleic acid molecules of the presem invention encode a 

eukaryodc protein kinase po.ypepdde (SEQ ID NO:2; F.gure 1). or variants thereof, th^ 

^si^wi Jn the eukaryotic protein kinase family. Eukaryolc protein ktnases (descnbed m. 

for example. Hari. e, oL (1995) FASEB J. 9:576-596) are enzymea that belong to an 
cxtensivefamily of proteinsthatshareaconservedcatalyticcoreordomatn common toboth 

serine/th«>nine and tyrosine p,«ein kinases. Tl^re are a number of conserved .eg.ons 
.he catalytic core or domain of protein kinases. One of these regions, located m the N- 
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tenninal extremity of the catalytic dorr^ain. is a glycine-rich stretch of i^sidues in the vicinity 
of a lysine residue, which has been shown to be involved in ATP binding. A consensus 
sequence (SEQ ID NO: 11) for this region is: 

[LIV]-G-{P}-G-{P}-[FYWMGSTNH]-[SGA]-{PW}-[LIVCAT]-(PD}-x- 
[GSTACLIVMFY]-x(548)-[UVMFYWCSTAR14AWP]-[LIVMFAGCK^^^^ 

ATP] 

In this and the foUowing consensus sequence patterns, each element in the pattern is 
separated by a dash (-); square [ ] parentheses indicate the particular residues that are 
accepted at that position; curly { } brackets indicate the residues that are not accepted at that 
position; X indicates any residue is accepted at that position; repetition of a particular 
element is indicated by following the element with a numerical value or a numerical range 
enclosed in parentheses (i.e., above. x(5,18) indicates anywhere from 5-18 residues are 
present in the element, and any residue can be accepted at each of these 5-18 residue 
positions); and the standard lUPAC one-letter code for the amino acids is used. In the 
hl4189 polypeptide set forth in SEQ ID NO:2, this ATP binding region resides at ammo 
acids 19-42 (see Figure 1). Th. K residue at position 29 and/or 42 can be involved in ATP 
binding. 

[0032] Another region, located in the central part of the catalytic core or domain, 

contains a conserved aspartic acid residue, which is important for the catalytic activity of the 
enzyme (Knighton et al. (1991) Science 253:407-414). Two signature patterns have been 
described for this region: one specific for serine/threonine kinases and one for tyrosme 
kinases. A consensus sequence for the serine/threonine kinases (SEQ ID NO: 12) is: 

[UVMFYC]-x-[HY]-x-D-[LIVMFY]-K-x(2)-N-[UVMFYCT](3) 
[D is an active site residue] 

A consensus sequence for the tyrosine kinases (SEQ ID NO:13) is: 

[IJ\^Cl-x-[HY]-x-D-[LIV]^]-[RSTAC]-x(2)-N-[LIVMFYC]^ 
[D is an active site residue] 
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The signature pane™ for .he hl4189 polypep«de of fte P«se„. inventon most tesembles 
that of a serine/threomne kinase and resides a, atnino acids 133-145 (see 1). 
,0«331 The kinase molecules of the present invention were discovered based on a 

novel CDNA sequence identified tn a ,ung tissue hhr^. This clone. hl4189. encodes an 
appro^ 1.9 kh mRNA transctipt having the corresponding cDNA sequetKC se taU, 
in SEQ ro NO:l (see Figure 1). This transcnpt has a 1635 nucleotide open .^ng fi^e 
including the stop codon (nucleotides 48-1682 of SEQ m NO:l). which 
amino acid protein (SEQ ID NO:2) having a molecular weight ot approxtmately 59.83 WD. 
V. molecule does no. appear u, con.ain a tiansmembrane segmen. as predicted by 

MEMSAT. . ^. . ui/iiQQ 

t0»341 Prosite program analysis was used to predict various sites wtttan the hl4189 

pro^in. An N-glycosylationsi« was predicted a. amino acids (aa) 148-151. A 
glycosaminoglycan attachment si« was predic^d a. aa 447-450. A cAMP- and cONff- 
l'^dentp:lkinaseph„sphorylationsitewaspredicteda.aa291-29.~ 
Chosphorylation Sites we.epredic.eda.aa57-59.150.152, 192-194,352-354^^^^^^^ 
and 447-449 Casein kinase H phosphorylation sites were pr«lic.ed a. aa 3-6, 57-60, 75-78, 
161-164. 238-241. 273-276. 33.-334. and352-355. A .y-ine ph^pho^lation ^e was 
p^ced a. aa 81-89. N-myristoylation si«s were predicted a. aa 157-162 327-332. 347- 
352 360-365. 450-455. 478-483. and 509-514. Anamidationsi«waspred,cteda.aa497- 
m and an ROD cell attachment sequence was predicted a. aa 470^72. A protem kmase 
signatiireATP-binding region was predicted at aa 19-42. 

,^351 The hl4189 protein possesses two eukaryotic protein kinase domams. tf.e 

L spanning aa 13-201 and *e second at aa 269-304. as predicted by l^r. Ve.i<. 2. 
A senl kinase domain and a ty«»ine kinase domain were also predicted for ti. hl41S9 
protein by HMMer analysis, spanning aa 13-304 and aa 13-307. tespectively. However, 
titete is a much higher degree of similarity between h.4189 and the consensus senne 
domain (SCO. of 278.4 a„dE-valueof9.5e-,ti,an between this ptotetnandheconse^i. 

Isi Jkinase domain of 19.7 and E value of 4 e Further, the hl4189 s.gnatu. 
ZZ. WHKDQKPSNVU. (aa residues 133-145 of Figme 1 and SEQ N0:2). matches 
more closely witt. Ure consensus sequence for fte serine/teonine kinases (shown above), 
than with that of the tyrosine kinases (shown above). ^ , 

[00361 BLAST analysis of ti,e paten, and public nucleic acid and pro.e,n datab:.e 

Lcates tiia. die h.4189 protein kinase shares tite mos. similariiy with several extia^Uular 
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.gnd-regulated p,o.em «nases (ERKs) and ,^.og«, acUva«=d protein kinases (MAP.^. 
The hl4189 protein Idnase displays the closest homology with a rat protein kno»n as ERK7 
Mnase (Access.on Number AF078798; SEQ ID N0-.4). GAP analysis of the open ,ea*ng 
ftames of the cDNAs encoding the h 14189 Icinase pn«ein of the invention and the rat ERK7 
kinase (Accession Number AF078798) shows that these nucleotide sequences share 

approximate., 77.2% identity (s« F,gu« 2). OAF analysis of the hM189 Idnase protern o, 
Ji„ventionandtheratERK7 kinase protein (Accession Number 4220888, demonstrate, 
that these proteins share approximately 66.6% identity (see Figure 3). 
[0037] A plasmid containing the human kinase 14189 cDNA insert was deposited 

with American Type Culture Collection (ATCC), 10801 University Boulevard. Manassas 
Virginia, on August 3. 2000, and assi^ed Accession Number FrA-2333. This deposrt w.ll 
be maintained under the terms of the Budapest Treaty on the International Recognroon of 
U,e Deposit of Microorgamsms for the Purposes of Patent Procedure. This deposit was 
made merely asaconvenience for those of skill in the art and is not an admission thata 

deposit is required under 35 U.S.C. § 1 12. . • ^ 

,00381 Preferred kinase polypeptides of the ptesent invention have an ammo acd 

.Cuence sufficiemly identical to the amino ^id sequence o, SEQ ID NO:2, or a domam 
.hereof Theterm"suff,cientlyide„tical"isusedhereintorefertoafirs.aminoac.dor 
nucleotide sequence that containsasufftcient or minimumnumber of identical or equrvalen 

(e g with a similar side chain) amino acid ^idues or nucle«ides to a se«md ammo a«d or 
nucleotide sequence such that the firs, and second amino acid or nucleotide sequences have 
a common structirra. domain (e.g., a eukaryotic kmase domain, serine kinase dom^n, and/or 
,y„,sine kinase dom^n, and/or common functional activity. For example, ammo ac.d » 
nucleotide sequences tirat contain a common structural domain having at '^- '^'^^ 
identity, preferably 85* identity, more preferably 90%, and most preferably 91% 92%, 
93%, 94%, 95%, 96%, 97%, 98% or 99% identity are defined herein as suf ftcrenrty 

identical. - . 

(00391 To determine tite percent identity of two amino acid sequences or of two 

nucleic acids, the sequences are aligned for optimal comparison purposes. The percent 
identity between tite two sequences is a Amotion of the number o, identical positions shared 
by tire sequences (i.e., percent identity = number of identical positions/total number of 
pos,«o„s(e.g,overiappingpositions)x .(X.). In one embodiment, tite two sequences are the 
same length. The percent identity between two seque»=es can be deterinined usmg 
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techniques similar io mose des«ibed below, wi* or wi*ou, allowing gaps. In calculattng 
percent identity, typically exact matches are counted. 

100401 The detennination of percent identity between two sequences can be 

ac^ntplishedusingamathemaucalalgonthm. A preferred, noriinuting example of a 
mathematical algorithm utilized for the comparison of two sequences is the algonthm of 
Kariin and Altschul (1990) Froc. Na,l Acai. Sci. USA 87:2264. modified as in KarUn and 
AltschtJ (1993) Proc. Na,l. Acad. Sci. USA 90:5873-5877. Such an algorithm >s 
incorporated into the NBLA^ and XBLAST programs of Altschul e, al. (1990) J. Mol. 
Biol 215-403 BLAST nucleotide searches can be performed with the NBLAST program, 
scote = 100, wordlengti. = 12, to obtain nucleotide sequences homologous to the kinase 
nucleic »nd molecule of the invention. BLAST p«,tein searches can be perfonned w.th the 
XBLACT program, score = 50, wordlength = 3, to obtiun amino ac.d sequences homologous 
^.thekinaseproteinmoleculeoftheinventton. To obtiun gapped alignments for 
comparison purposes. Gapped BLAST can be utilized as described in Altschul e, al. (1997) 
NuCic AcUls Re.. 25.3389. Alternatively, PSI-BLAST can be used to perform an .terated 
search that detects distant relationships between molecules. When utilizing BLAST, 
GappedBLAST,andPSI-BLASTprograms,U,edefaultparameti>rsoftherespective 

programs (eg. XBLAST and NBLASn can be used(accessible a, tite website maintatned 
byNationalCenterforBiotechnologyInformation,Bemesda,MD,USA). Another 
pLferred. example of an algorithm utilized (or ti-e comparison of sequences is the algonthm 
of Myers and Miller (1988) CABIOS 4: 1 1- 17. Such an algorithm is incorporated mti. tite 
ALIGN program (version 2.0). which is part of me GCG sequence aligmnent software 
package. When utilizing the AUON program for comparing amino acid sequences, a 
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can be 
used. A p«fen«l program Pairwise Alignment Program (Sequence Exploter), ustng 

default parameters. . 
(00411 Accordingly, anoflter embodiment of the invention features isolated ktnase 

ptotein andpolypeptides having akinase protein activtty. As used i„te,.hangeably heretn a 
'kinase protein activity", "biological activity of a kinase protein", or "functional activtty of a 
kinase protein" refers ti> an activity exerted by a kinase protein, polypeptide, or nucle.c actd 
molecule on a kinase-responsive cell as detennined .„ vivo, or in vi.ro. according ,o standard 
assay techniques. A kinase activity can be a ditect a«ivity, such as an association w,th or an 
enzymatic activity on a second pn«ein, or an indirect activity, such as a cellular stgnalmg 
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activity tnediated by infraction of the kinase protein «i.h a second protein. In one 
embodiment, a kinase activity includes at least one or more of the following ac«v,u«-. (1) 
modulaung (sUmulating and/or enhancing or inhibiting) cellular pn.Uferaaon grow^and^. 
metabohsm (e.g. in those cells in which the sequence is expressed, includtng. lung; ladney. 
spleen; fetal liver, normal liver, and fibrotic Hver, lymph nodes, and tonsil; Hep02 ce Is; 
Hep02 cells transfected «id> HBV; Hep3 cells; granulocytes; dermal and lung fibroblasts; 
hepatic stellate cells; CDS* T cells; T-cells; CD,9* B cells; CD34- cells from mobmzed 
periphe^l blood; adult resting bone marrow; CPA* cells from bone marrow, -"""""''^ 
hepatirtc-C virus-infected liver (HCV); and the transfotnted erythroleukemta cell hnes); (2) 
the regulaUon of transmission of signals fn>m cellular receptors, including ^wth facto,- 
^tors; (3) the modulaUon of the entry of cells into mitosis; (4) the modulanon of cellular 
differentiation; (5) the modulation of cell death; and (6) the regulation of cytosiceleton 
function including actin bundling. 

,«0421 Assays for measuring kinase activity are well known in the art depending on 

Utc particular kinase. Specific assay protocols ate available in standard sources known to 
the ordinarily skilled arrisan. For example, see "Kinases" in Ausut^l et at., eds. (1994- 
1998) Current Prowcols in Molecular Biology 0, Greene Publishing and W.ley- 
imerscience, NY) and references cited therein. 

[0043] An ' isolated" or "purified" kinase nucleic acid molecule or protetn, or 

biologically acUve portion thereof, is substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or substantially free of chetntca^^ 
p«cursorsorotherchemicalswhenchemicanysyntiKsized.P.eferably.an»isola.ed 
Lleicacidis free of sequences (preferab,ypro.ein-encodingse,uences)ti.a.natura^ly flank 

.he nucleic acid (i.e., sequ^ces located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNA of the organism ftom which ti,c nucleic acid is derived. For purposes of the 
invention, "isolated" when used to tefer to nucleic acid molecules excludes isolated 
chromo^mes. For example, in various embodiments, the isolated kinase nucleic actd 
molecule can contain less than about 5 kb, 4 kb. 3 kb, 2 kb. 1 kb, 0.5 kb, or 0.1 kb of 
nucleotide sequences titat naturally flank the nucleic acid molecule in genomic DNA of the 
cell ftom which the nucleic acid is derived. A kinase protein U,at is — ^'^^^ 
cellular material includes preparations of kinase protein having less titan about 30%. 20%, 
10%,or5%(bydryweight)ofnon-kinaseptotein(alsoreferredtoh.re.nasa 

■contamtnating protein"). When the kin^ protein or biologically active portion theteof ts 
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recombinantly produced, preferably, culture medium represents less than about 30%, 20%, 
10%, or 5% of the volume of the protein preparation. When kinase protein is produced by 
chemical synthesis, preferably the protein preparations have less than about 30%, 20%, 
10%, or 5% (by dry weight) of chemical precursors or non-kinase chemicals. 
[0044] Kinases play a role in signaling pathways associated with cellular growth. 

For example, protein kinases are involved in the regulation of signal transmission from 
cellular receptors such as growth-factor receptors, entry of cells into mitosis, and the 
regulation of cytoskeleton function. Signal-transduction pathways that employ members of 
the ERKMAPK family of protein serine/threonine kinases are widely conserved among 
eukaryotes. As previously noted, mammalian stress-activated ERK/MAPK pathways have 
been implicated in numerous important physiological functions, including cell growth and 
proUferation, inflammatory responses, and apoptosis. 

[0045] Inhibition or over stimulation of the activity of kinases involved in signaling 

patiiways associated with cellular growth can lead to perturbed cellular growth, which can in 
turn lead to cellular growth-related disorders. As used herein, a "cellular growth-related 
disorder" includes a disorder, disease, or condition characterized by a deregulation, e.g., an 
up-regulation or a down-regulation, of cellular growth. Cellular growth deregulation may be 
due to a deregulation of cellular proliferation, cell cycle progression, cellular differentiation 
and/or cellular hypertrophy. Examples of such cellular growth-related disorders include, but 
are not limited to, cardiovascular disorders such as heart failure, hypertension, atrial 
fibrillation, dilated cardiomyopatiiy, idiopathic cardiomyopathy, or angina; proliferative 
disorders or differentiative disorders such as cancer, e.g., melanoma, prostate cancer, 
cervical cancer, breast cancer, colon cancer, or sarcoma. The compositions of the invention 
are useful in the diagnosis and/or treatment of such disorders, as well as of liver fibrosis and 
other liver-related disorders. Disorders associated with the following cells or tissues are also 
encompassed: lung; kidney; spleen; fetal liver, normal liver, and fibrotic liver, lymph nodes, 
and tonsil; HepG2 cells; granulocytes; dermal and lung fibroblasts; hepatic stellate cells; 
CD8* T cells; T-cells; CD19^ B cells; CD34^ cells from mobilized peripheral blood; bone 
marrow; and cord blood. 

[0046] In view of the biological function of the kinase molecules of the invention, 

these molecules and modulators thereof can be used in methods of the invention directed to 
the modulation, diagnosis, and treatment of disorders, including, but not limited to, liver 
disorders, fibrotic disorders, and immune, inflammatory, respiratory, and hematological 
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disorders. Disorders involving the liver include, but are not limited to, hepatic injury; 
jaundice and cholestasis, such as bilirubin and bile formation; hepatic failure and cirrhosis, 
such as cirrhosis, portal hypertension, including ascites, portosystemic shunts, and 
splenomegaly; infectious disorders, such as viral hepatitis, including hepatitis A-E infection 
and infection by other hepatitis viruses, clinicopathologic syndromes, such as the carrier 
state, asymptomatic infection, acute viral hepatitis, chronic viral hepatitis, and fulminant 
hepatitis; autoimmune hepatitis; drug- and toxin-induced liver disease, such as alcoholic 
liver disease; inborn errors of metabolism and pediatric liver disease, such as 
hemochromatosis, Wilson disease, ay-antitrypsin deficiency, and neonatal hepatitis; 
intrahepatic biliary tract disease, such as secondary biliary cirrhosis, primary biliary 
cirrhosis, primary sclerosing cholangitis, and anomalies of the biliary tree; circulatory 
disorders, such as impaired blood flow into the liver, including hepatic artery compromise 
and portal vein obstruction and thrombosis, impaired blood flow through the liver, including 
passive congestion and centrilobular necrosis and peliosis hepatis, hepatic vein outflow 
obstruction, including hepatic vein thrombosis (Budd-Chiari syndrome) and veno-occlusive 
disease; hepatic disease associated with pregnancy, such as preeclampsia and eclampsia, 
acute fatty liver of pregnancy, and inttehepatic cholestasis of pregnancy; hepatic 
complications of organ or bone marrow transplantation, such as drug toxicity after bone 
marrow transplantation, graft-versus-host disease and liver rejection, and nonimmunologic 
damage to liver allografts; tumors and tumorous conditions, such as nodular hyperplasias, 
adenomas, and malignant tumors, including primary carcinoma of tiie liver and metastatic 



tumors. 



[0047] Fibrotic disorders or diseases include fibrosis in general, e.g., chronic 

pulmonary obstructive disease; ideopathic pulmonary fibrosis; crescentic glomerulofibrosis; 
sarcoidosis; cystic fibrosis; fibrosis/cirrhosis, including cirrhosis secondary to chronic 
alcoholism, cirrhosis secondary to hepatitis type B or hepatitis type C, and primary biliary 
cirrhosis; liver disorders disclosed above, particularly liver fibrosis; and other fibrotic 
diseases; as well as fibrosis associated witii the treatinent of bums and scarring. 
[0048] Immune disorders include, but are not limited to, chronic inflammatory 

diseases and disorders, inflammatory bowel diseases such as Crohn's disease and ulcerative 
colitis, rheumatoid arthritis, including Lyme disease, insuUn-dependent diabetes, organ- 
specific autoimmunity, including multiple sclerosis, Hashimoto's thyroiditis and C3rave's 
disease, contact dermatitis, psoriasis, graft rejection, graft versus host disease, sarcoidosis. 
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atopic conditions, such as asthma and allergy, including allergic rhinitis, gastrointestmal 
allergies, including food allergies, eosinophiha, conjunctivitis, glomerular nephntis, certain 
pathogen susceptibilities such as helminthic (e.g.. leishmaniasis), certain viral infections, 
including fflV, and bacterial infections, including tuberculosis and lepromatous leprosy. 
[0049] Respiratory disorders include, but are not limited to, apnea, asthma, 

particularly bronchial asthma, berilUum disease, bronchiectasis, bronchitis, 
bronchopneumonia, cystic fibrosis, diphtheria, dyspnea, emphysema, chronic obstructive 
pulmonary disease, allergic bronchopulmonary aspergillosis, pneumonia, acute pulmonary 
edema, pertussis, pharyngitis, atelectasis, Wegener's granulomatosis. legionnaires disease, 
pleurisy, rheumatic fever, and sinusitis. 

[0050] Hematologic disorders include but are not limited to anemias including sickle 

cell and hemolytic anemia, hemophilias including types A and B, leukemias, thalassemias, 
spherocytosis. Von WiUebrand disease, chronic granulomatous disease, glucose-6-phosphate 
dehydrogenase deficiency, thrombosis, clotting factor abnormalities and deficiencies 
including factor Vffl and K deficiencies, hemarthrosis, hematemesis, hematomas, 
hematuria, hemochromatosis, hemoglobinuria, hemolytic-uremic syndrome, 
thrombocytopenias including HIV-associated thrombocytopenia, hemorrhagic telangiectasia, 

idiopathic thrombocytopenic purpura, thrombotic microangiopathy, hemosiderosis. 

[0051] Various aspects of the invention are described in further detail m the 

following subsections. 

I. Isolated Nuc 'pj'' Arid Molecules 

[0052] One aspect of the invention pertains to isolated nucleic acid molecules 

comprising nucleotide sequences encoding the kinase proteins of the present invention or 
biologically active portions thereof, as well as nucleic acid molecules sufficient for use as 
hybridization probes to identify kinase-encoding nucleic acids (e.g., kinase mRNA) and 
fragments for use as PGR primers for the amplification or mutation of kinase nucleic acid 
molecules. As used herein, the term "nucleic acid molecule" is intended to include DNA 
molecules (e.g., cDNA or genomic DNA) and RNA molecules (e.g., mRNA) and analogs of 
the DNA or RNA generated using nucleotide analogs. The nucleic acid molecule can be 
single-stranded or double-stranded, but preferably is double-stranded DNA. 
[0053] Nucleotide sequences encoding the kinase proteins of the present invention 

include the sequence set forth in SEQ ID NO: 1 , the nucleotide sequence of the cDNA insert 
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of the plasmid deposited with the ATCC as Accession Number PTA-2333 (referred to as the 
"cDNA of ATCC FrA-2333"), and complements thereof. By "complement" is intended a 
nucleotide sequence that is sufficiently complementary to a given nucleotide sequence such 
that it can hybridize to the given nucleotide sequence to thereby form a stable duplex. The 
amino acid sequence of the kinase protein encoded by these nucleotide sequences is set forth 
in SEQIDNO:2. 

[0054] Nucleic acid molecules that are fragments of the kinase nucleotide sequences 

of the invention are also encompassed by the present invention. By "fragment" is intended a 
portion of the nucleotide sequence encoding a kinase protein of the invention. A fragment 
of a kinase nucleotide sequence may encode a biologically active portion of the kinase 
protein, or it may be a fragment that can be used as a hybridization probe or PGR pnmer 
using methods disclosed below. A biologically active portion of a kinase protem of the 
invention can be prepared byisolatingaportion of one of the kinase nucleotide sequences of 

the invention, expressing the encoded portion of the kinase protein (e.g., by recombmant 
expression in vitro), and assessing the activity of the encoded portion of the kinase protem. 
Generally, nucleic acid molecules that are fragments of a kinase nucleotide sequence 
comprise at least 15, 20, 25. 30, 35, 40, 45, 50, 75, 100, 325, 350, 375, 400, 425, 450, 500, 
600 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1450, 1500, 1550, 1600, or 1620 
nucleotides, or up to the number of nucleotides present in a full-length kinase nucleotide 
sequence disclosed herein (for example, 1635 nucleotides for SEQ ID NO:l) depending 
Upon the intended use. 

[0055] It is understood that isolated fragments include any contiguous sequence not 

disclosed prior to the invention as well as sequences that are substantially the same and 
which are not disclosed. Accordingly, if a fragment is disclosed prior to the present 
invention, that fragment is not intended to be encompassed by the invention. When a 
sequence is not disclosed prior to the present invention, an isolated nucleic acid fragment is 
at least about 12, 15, 20, 25, or 30 contiguous nucleotides. Other regions of the nucleotide 
sequence may comprise fragments of various sizes, depending upon potential homology 
with previously disclosed sequences. 

[0056] A fragment of a kinase nucleotide sequence that encodes a biologically active 

portion of the kinase protein of the invention will encode at least 20, 25, 30, 50, 75, 100, 
125 150 175 200, 250, 300, 350. 400, 450, 475, 500, 525, 530, or 540 contiguous ammo 
acids or up to the total nmnber of amino acids present in a full-length kinase protein of the 
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invention (for example, 544 amino acids for SEQ ID NO:2). Fragments of a kinase 
nucleotide sequence that are useful as hybridization probes for PGR primers generally need 
not encode a biologically active portion of a kinase protein. 

[0057] Nucleic acid molecules that are variants of the kinase nucleotide sequences 

disclosed herein are also encompassed by the present invention. "Variants" of the kinase 
nucleotide sequences include those sequences that encode the kinase proteins disclosed 
herein but that differ conservatively because of the degeneracy of the genetic code. These 
naturally occurring allelic variants can be identified with the use of well-known molecular 
biology techniques, such as polymerase chain reaction (PGR) and hybridization techniques 
as outlined below. Variant nucleotide sequences also include synthetically-denved 
nucleotide sequences that have been generated, for example, by using site-directed 
mutagenesis but which still encode the kinase proteins disclosed in the present invention as 
discussed below. Generally, nucleotide sequence variants of the invention will have at least 
about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to the 
nucleotide sequences disclosed herein. A variant kinase nucleotide sequence will encode a 
kinase protein that has an amino acid sequence having at least about 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to an ammo acid 
sequence of a kinase protein disclosed herein. 

[0058] In addition to the kinase nucleotide sequence shown in SEQ ID NO:l, and 

the nucleotide sequence of the cDNA of ATGG PTA-2333, it will be appreciated by those 
skilled in the art that DNA sequence polymorphisms that lead to changes in the ammo acid 
sequences of kinase proteins may exist within a population (e.g., the human population). 
Such genetic polymorphism in a kinase gene may exist among individuals within a 
population due to natural allelic variation. An allele is one of a group of genes that occur 
alternatively at a given genetic locus. As used herein, the terms "gene" and "recombinant 
gene" refer to nucleic acid molecules comprising an open reading frame encoding a kinase 
protein, preferably a mammalian kinase protein. As used herein, the phrase "allelic vanant" 
refers to a nucleotide sequence that occurs at a kinase locus or to a polypeptide encoded by 
the nucleotide sequence. Such natural allelic variations can typically result in 1-5% vanance 
in the nucleotide sequence of the kinase gene. Any and all such nucleotide variations and 
resulting amino acid polymorphisms or variations in a kinase sequence that are the result of 
natural allelic variation and that do not alter the functional activity of kinase proteins are 
intended to be within the scope of the invention. 
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10059) Moreover, nucleic acid molecule, encoding kinase pioWns from other 

species (kinase l,omo,ogues), which have a nucleotide sequence affehng from that of the 
kinase sequences disclosed herein, are intended to be within the scope of the invenuon. 
Nucleic acid molecules corresponding to nahara) allelic varianU and homologues of the 
kinase cDNA of the inventton can be isolated based on dteir idenUty to the human kinase 
nucleic acids disclosed herein using the human cDNAs, or a portion thereof, as a 
hybridizatton probe according to standard hybridization techniques under smngent 
hybridization conditions as disclosed below. 

.0060] In addidon to naturally occurring allelic variants of the kinase sequence that 

may exist in .he population, the skilled artisan will further apprec.ate that changes can be 
introduced by mutation into the nucleotide sequences of the invention thereby leadmg to 
changes in the amino acid sequence of the encoded kinase protem. without altering the 
biolopcal activity of the kinase protein. Thus, an isolated nucleic acid molecule encodmg a 
kinase protein having a sequence that differs fn>m Urat of SEQ ID NO:2 can be created by 

one or more nucleotide substitutions, additions, or deletions into the nucleohde 
sequence disclosed herein, such that one or more amino acid substinrtions, addinons or 
deletions areintroducedintotheencodedprotein. Mutations can be introduced by standard 
techmques, such as site-directed mutagenesis and PCR-mediated muUgenesis. Such varran. 
nucleotide sequences are also encompassed by the present invention. 
10061] For example, preferably, conservative amino acid substintttons may be made 

at one or more predicted, preferably nonessential amino acid residues. A -nonessential- 
amino acid residue is a residue that can be altered from the wild-type sequence of a kinase 
protein (e g the sequence of SEQ ID N0:2) without altering the biological activity, whereas 
an -essentia." amino acid residue is required for biological activity. A "conservative ammo 
acid substitution- is one in which the amino acid residue is replaced with an amino acid 
residue having a similar side cham. Famihes of amino acd residues having similar side 
chains have been defined in the art. These families include amino acids with basic side 
chains (e.g.. lysine, arginine. histidine), acidic side chains (e.g. aspariic acid, glutamic acid), 
uncharged polar side chains (e.g.. glycine, asparagine, glutamine, serine, threonine. .y„,sine, 
cysteine), nonpolar side chains (e.g.. alanine, valine, leucine, isoleucine. proline, 
phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, 
isoleucine) and aromatic side chains (e.g.. tyrosine, phenylalanine, tryptophan, hisfdme). 
such substitutions would not be made for conserved amino acid residues or for amino acid 
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„s,daes residing wUWn aconse^edp-Cein domain, such as *e criticai eukaryouc p»«m 
::!:Lai„!t.Hedisc,os=dc,one,w.e.s„cH«sid„esa«.ss»Ua.,o.p.«^^ 
[«fl*2] AUemaUvely.variam kinase nucleotide sequences can be made by 

n^cing .nuuflons randomly along all or par. of a kinase coding sequence such as b, 
sa.ura«onmuugenesis,and.heres„uan.mu.an.ca„bescreened.orl.„aseh.olo,^^^^ 

activity .0 identify muun. .ha. rc* acivi.y. Following mu,agenes.s, .he enco^ proUm 
ranJe.p«ssed,ecombinantiy,a„dti.activi.yotti,epro.eincanhed«ermmedusmg 

srandard assay wchniques. <,or, m NO- 1 and ttie 

.00631 Thus me nucleotide sequences of .he invention mclude SEQ ID NO.l and tiie 

nucleotide sequence of ti,e cDNA of ATCC FrA.2333, as well as fragments and var.^. 
hereof The kinase nucleotide sequences of .he invention, and fragments and vanan.s 

can he used as probes and/or pHm«s to identify and/or clone kinase homologues ,n 
lc:„.ypes,e.g.,fromothertissues.as«eUaskinasehomologuesf^o^r — 

Such probes can b. used to detect transcripts or genomic sequ^tees encodtng the sar^e or 
Iti al proteins. T^seprobescanbeusedaspartofadiagnostictestkitfortdent.^^^^^ 
ells or ties tiiat display abe.ran.exp^sionofakinasep.o»ino,ti,emve„tion. such as 
hTlasuring levels ofaklnase-encodingnucleicacidinasample of censfromasub^ec.. 
rilingkinasemRNAlevelsordeterminiug^Hetheragenomlckinasegenehasbee^ 

;::;""'tlsmanner.methodssuchasPCR,hybHdi.ti«,,a„d«,e.U.canbeu^ 
Lideltifysuchsequenceshavingsubsta„tiaHdenti,ytoti.sequencesofthein™^^^^ 
for example, Sambrook e. at (1989) Molecular Conin,: Uioraory M<^ (2d ed.. Cold 
IX^r laboratory Press. Plainview. NY) and Innis. e. a,. (1990) PC« Prou^:^ 
oLe.Mer^oasW^P— (Academic Press,^«).Klnasenueleot.<.^^ 

isolated based on their sequence tdentity to the kmase nucleotide sequences set for* herein 
„ to fragment and variant .heteof are encompassed by the present invention. 

ma hybridi^on method, all or part of a known kinase nuclcottde seq^nc^ 
rb^usedtosereencmAorgenomicUbraries. Methodsforconstructiono such CDNA 

Id genomic libraries are generally known in the art and are disclosed in Sambrook e,al 
S)M0.c,a..a..»..AZ^™,..M-.(2de.,C0,dSpringHarbor« 

Press Plainview, NY). 11,0 sccaUed hybridisation probes may be genomtc DN A 
^;:e„ts,eDNAfragments,RNAfragmen.s,oro.her Oligonucleotides, andmaybe labeled 

witi, a det^table gtoup such as -P, or any other detectable marker, such as other 
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hyWcBzaUo. can be made by labeling syn.he«c oUgonucleoades bas«i on kno»n tanas^ 

nLeoUde se,uence. disclosed He.in. Degene.. prime, designed on *e bas,sof 
conserved nucleoUdes or am.no acid r.,dues in a known kinase nuCeoude sequ^ce or 
encoded amino acid sequence can addiUonally be used. probe typically compn^a 
„^„„o,nuc.eo«dese,uence.ha.hybHdizes under s„,ngen.condi«™.»a^^^^^^^^^ 
prferab„abou.25,mo«preferablyabou.50,75, 100, 125. 150, 175,200,250,300.350. 
or 400 consecu^ve nuCeoUdes o, *e kinase nucleotide sequence of the »— r a 
Lgmentorvariantthe^of. PreparaUon of probes for bybndizaiion is gener^ly known m 
IrandisdisolosedinSambrook«^.(19S9,M— ao„i„.A^..ra,.^^ 
Z ed., cold spring Harbor Labora«>ry Plainview, New York), herem mcorpora^d 

Sr"' For example, in one embodiment, a p^viously unidenUfied ktnase nucleic 
acid molecule hybrtdi.es under strtngen. conditions to a ptobe that is a nuc.e^ac. 
molecule comprising the kinase nucleoUde sequence o, the inven«on or a fra^e *er^f. 
,„ another embodiment, the previously unknown kinase nucletc ac,d .nodule .a. e^ 
300 325 350 375,400,425,450,500,550,600,650,700,800,900, 1000, 2.000, 3,000, or 

000 nu'cleotides .n length and hybridizes under strtngent conditions to a probe that is a 
nLcleic acid molecule comprising the kinase nucleotide sequence disclosed hetetn or 

" ""Iccor^ngly, in another embodiment, an isolate pteviousl, unknown kinase 
[0O6T] Accoroingy, ,nn 325 350 375, 400, 425. 450, 500, 

nucleic acid molecule of the inventton ,s at least 300, 325, 350. 375 ™ , ,oo , 600 
518 550, 600. 650, 700, 800, 831. 900, 981, 1000, 1,100, 1^, 1,300. 1,400. 1,500, 1,600. 
1 700, 1,800, 1,900, 2,000. or 2,060 nucleotides in length and hybridizes un*r stnngen^ 
LaonstoaprobethafsanucleicacidmoleculecompHsiugthenucleohdes^t^ceof 

SEQ ID NO: 1. the cDNA of ATCC PTA-2333. or a complement, fragment, or vanan. 

Asusedh«ein.theterm"hybridizesunderstringentconditio„s" isintended 
L describe condiUons for hybridization and washing under which nucleotide sequences 
having a. leas, 60*. 65%, 70», preferably 75% or more idenmy to each o|her ^ 
„main hybridized ,0 each other. Such stringent conditions a. known to those sUled ,n 
rid cL be found in Curren. Pro,occ^ ^ MoUc^ Bioio^ (lohn Wiley * Sons, New 
Vork(1989)),6.3.1-6.3.6.Ap,eferred,non-limi«ngexampleofs.ringen.hybnd,zat,on 
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conditions is hybridization in 6X sCKiium chloride/sodium ci«« (SSC) a. about 45»C 
conditions IS y ^ 0 1% SDS at 50-65»C. In another preferred 

followed by one or more washes ,n 0.2 X SSC, 0.1% SDS 

en.bodiment,stringe„tcondi,ionscomprisehybrid>za..on,n6XSSCa,42 C.Mo 
washingwithlXSSCatSS-CPreferably.anisolatednucteioacdmoleculetha. 

under strinsen.condi.ion3.oa.inases^uence„f.heinventic™co.respo„^o^ 

^iLlyoccurringnucleicacidtnoiecule. As used herein, a "nautoUy occumng nuCetc 
:r!lCre,l.oa„RNAorONAn.oiecu.ehavingan„c,eo,idese,ue„ce.ha.occurs 

in nature (e.g., encodes a natural protein). 

1" T^u^inaddiaontothekinasenucieotidesecuencesdisCosedheretn^d 

and variants thereof, the isolated nucleic acid molecules of the invention also 
2mpassho,„o.ogous.NAse,ue^iaenririeda„diso,at.fromo^^^^^^^^ 
organisn. by hybridizaUon with entire or partial sequence, obtained f^m the kinase 
nucleotide sequence disclosed herein or variants and fragn«nts tiieteof. 
,00701 The present invention also encompasses antisense nucleic acid molecules, 

\ e molecules that are complementary to a sense nucleic acid encoding a protein, e.g., 

complementary to the coding strand o, a double-stranded cDNA molecule, or 
complementarytoanmRNAse,uence,Accordingly.anantisensenucleicac,d an 

hZgenbond-sensenucleicacid-mantisensenucleicacidcanbecomplemeu^ 

Tentire kinase coding strand, or to only a portion tiier^f, e.g., all or part of .he protem 
:„:::e;onCorope„^adingfiaine,Anantisensen„c,eicacidmo,.^c^^^ 

to a noncoding region of the coding strand of a nucleotide sequence encoding a kinase 
;:::TheLcodingregionsarethe5'and3-se,uencestiia.fla.kti«codingregionand 

are not translated into amino acids. 

" „ Given the coding-strand sequence encoding the kinase protein disclosed 

herein ,e.g, SEQ E NO:l). antisense nucleic acids of the invention can be design^ 
accJng totiieruiesofWatsonandCrickbase pairing. The antisense nucleic aad 

rollecanbecomplemen.arytotheentirec«lingregionofkinasemRNA,bu.more 

preferably is an oligonucleotide that is antisense to «,.y a portion of the coding or 
onc««n;re.onofkinasemRNA.Pore.amp.e,.hea„tisenseo,igo„uc.^^^^^^ 

complementary to .he region surrounang the translation ~ ~ f^^^^'^ ^ 
antisense oligonucleotide can be, for example, about 5, 10, .5 20, ^'•^'■^^^'^^ 
nucleotides in lengtii. An antisense nucleic acid of *e invention can be constructed using 
chemical syntiiesis and enzymatic Ugation procedures known m the art. 
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,«»72] For example, an an.,s«,se nucleic add (e.g., an andsense oligonucleotide) 

can be che™.ca„y syn.hes,zed using nMuraily occumng nucleotide, or variously nrodrf^ 
nucleotides designed .o increase Che Wolo^ca, s.bili.y of tire molecule, or .o ,„cr^ ti-e 
physical subiUty of .he duplex formed between .he antisense and sense nuclerc acrds. 
including, bu. no. linn.ed ,o, for example, phosphoro.hioa« derivatives and acn^ne 
substitir^d nucleotides. AlUmatively. .he antisense nude.c acid can be produced 
biologically using an expr^sion vecti>r in.o which a nucleic acid has been su^^r^d m an 
antisense orienution (i.e.. RNA tianscribed from .he inser^d nucleic aad w„l be o, an 
antisense orienrationtt. a Brget nucleic acid of inBres.). 

r(W73] The antisense nucleic acid molecules of tire invention are .yp.cally 

LLredti>asubjec.orgenera.ed.„.«.suchti,a.ti.eyhybridi.v..horhi„d.o.^^^^^^^ 

™rKA and/or genomic DNA encoding a Idnase prorein .o tirereby inhrb,. expressron o, .he 

pro^in e g., by inhibiting tianscription and/or tianslation. An example of a roure of 
::n,:„alo,antisensenucleicaddnK,leculesof«,ei„venti„n includes di^.,^^^^^ 
a.atissuesi.e. A— ely, antisense nucleic acid molecules can be modrfred .o.arge. 
s^lecedcellsandtirenadminisreredsys^mically. Forexample, antisense moleculescanbe 

linked .o peptides or antibodies .o form a complex ^ specifically binds » recep«>rs or 

ex^essedonaselecredcell surface. 1.0 antisensenucleicacidmoleculesc..^^ 

be ilivered .o cells using .he veCors descril^l herein. To achieve sufflcen. mtiacell lar 
concentrations of .he antisense molecules. veCor constiuc« in which tire antisense nuc^ 
acidmoleculeisplacedunder.hecontiolofastiongpoinorpoimpromo.rarep.««d. 

[0074] An .nrtisense nucleic acid molecule of .he invention can be an a-anomenc 

nucleic acid molecule. An «-anomeric nucleic acid molecule forms spedfic double- 
M hybrids witir complemen-ary RNA in which, contiary .o *e usual ^uni.s^.he^ 
s.randsrunparanelti,eacho.her(Oau.tier«.U1987,iV„cWcAc,*R... 15:6625^641). 
rantisenLnucleicacidmoleculecanalsocomprisea2--o-me.hylribonucleo„^(Inoue., 

^mmicAcubRes. 15:6131-6148) orachimericRNA-DNA analogue (inoue., 

(1987) FEBSteK. 215:327-330). 
100751 The invention also encompasses ribo^ymes. which are caulytic RNA 

molecules witi. ribonuclease activity tira. are capable „, cleaving a single-stianded nucle.c 

add. such as an mRNA. .o which ti«y have a complementary '^f^' ^';^^;^ 

hammerhead ribozymes (described in Haselhoff and Oeriach (1988) 

can be used .0 caulytically cleave Itinase mRNA transcripts to thereby .nhrb.. translation of 
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«„.e u*NA. A ribozyme having specif,ci.y (or a ki„ase-e«oding nucleic ac.d can be 
designed based upon d,e nuCeoUde sequence of *e Idnase cDNA disc.c«^ he«.n e^.. 
SEQ ID NO:l). 5ee. e.g. Cecb e, U.S. Pa«n. No. 4.987,071; and C^h e, al V.S^ 
Pa^ntNo 5,1.6.742. AUematively, kinase n«NA can be used K> select a catalyuc RNA 
having a specific ribonuCease activity from a ^1 of RNA molecules. See. e.,.. Bartel and 
Szostak (1993) Science 261:141 1-1418. 

r0«76] The invention also encompasses nucle.c acid molecules diat form tnple 

helical structures. For example, kinase gene expression can be .nhibited by targeting 
nucleotide sequences complementary to theregulatory region of the kinase p.«tem (e.g.. the 
ynase promoter and/or enhancers) to fonn triple helical stntctures that prevent transcnpuon 
of the kinase gene in target cells. See ^eneraiiy Helene (1991) AnUcancer Dm, Des. 
6(6):569; Helene (1992) Ann. N.Y. Acad. Sei. 660:27; and Maher (1992) B„ 

14(12):807. , 
™„77] In other embodiments, the nucleic acid molecules of the invenuon can be 

modified at the base moiety, sugar moiety, or phosphate backbone to imp,«ve. e.g.. the 
stability.hybddi^tion.orsolubilityof,hemolecule. For example, the deoxynbose 
phosphate backbone of the nucleic acids can be modified to gene«te pepUde nucletc ac* 
LHyrupc,.!. (1996)flio.r.a„.c AM.*ci,^lCW4:5). As used heretn. the tenns 
-peptidTnucleic actds- or ••PNAs"re,er.onuo.eicacidmimics.e.g..DNA mimics m wlu* 

.L deoxytibose phosphate backbone is replaced by a pseudopep«de backbone and onl 
fo. natural nuCeobases are retained. The neutral backbone o, PNAs has been sho»n . 
allow for specific hybridtzation to DNA and RNA under oondiUons of low tome strength. 
TT,e synthesis of PNA ohgomers can be performed using standard solid-phase pepude 
synthl pn.«>cols as described in Hyrup e, a,. (1996). ^ra: Perry-Ol^eefe e. a,. (1996, 
Pwc. Natl. Acad. Set VSA 93:14670. 

r007«1 PNAs of akinase molecule can be used in therapeutic and d,agnost.c 

applications. For example. PNAs can be used as antisense or antigene agents tor sequ«,ce- 
s^mc modul^ion of gene expression by. e.g.. inducing transcription or translatton arrest 
or inhibiting teplicaUon. PNAs of the invention can also be us^. e.g.. in the analysts of 

single base pair mutaUons in a gene by. e.g.. PNA-ditected PCR clamping, as a«,f.c,a. 

^striction enzymes when used in combination with other enzymes. J ^'^^'^^ 

(Hyrup (1996), ^ra. or as probes or primers (or DNA sequence and hybrtdtzatton (Hyrup 

(1996), supra; Perry-OTCeefe et al (1996), supra). 
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[00791 In another embodiment. PNAs of a kinase molecule can be modiHed, e.g., to 

enhance their stability, specificity, or cellular uptake, by attaching lipophilic or other helper 
groups to PNA, by the fonnaUon of PNA-DNA chimeras, or by the use of liposomes or 
Lr techmcues of drug dehvery known in the a„. "nte synthesis of PNA-DNA chimer^ 
can be performed as described in Hyrup (1996), supr.; Rnn e. al. (1996) ^"c'^^'^^^' 
24(n):3357-63; Mag e, at (1989) N^leic Acids Res. 17:5973; and Peterser « oL (1975) 
Bioorganic Med. Chem. Lett. 5:1119. 

n Tc»i.tPH Kinase V^*-^- Anti-kinase Antibodies 

[0080] Kinase proteins are also encompassed within the present invention. By 

"kinase protein" is intended proteins having the amino acid sequence set forth m SEQ ID 
NO-2 as v.ell as fragments, biologically active portions, and variants thereof. 
[0081] "Fragments" or "biologically active portions" include polypeptide fragments 

suitable for use as immunogens to raise anti-kinase antibodies. Fragments include peptides 
comprising amino acid sequences sufftcienUyidentical to or derived from the amino ac.d 

sequencesofaMnase protein of the invention and exWbiting at least one activityofak^nase 
protein, but which include fewer amino acids than the full-length kinase proteins disclosed 
herein. Typically, biologically active portions comprise a domain or motif with at least one 
activity of the kinase protein. A biologically active portion of a kinase protein can be a 
polypeptide which is, for example, 20, 25, 50, 100 or more amino acids in length. Such 
biologically active portions can be prepared by recombinant techniques and evaluated for 
one or more of the functional activities of a native kinase protem. 
r0082] By "variants" is intended proteins or polypeptides having an amino acid 

sequence that is at least about 70%,preferablyabout75%,80%,85%,90%,91% 92^^^ 

93% 94% 95%, 96%, 97%, 98%, or 99% identical to the amino acid sequence of SEQ ID 
NO-2 variants also include polypeptides encoded by the cDNA insert of the plasmid 
deposited with ATCC as Accession Number FrA-2333, or polypeptides encoded by a 
„ucleicacidmoleculethathybridizestoanucleicacidmoleculeofSEQIDNO:lora 

complementthereofunderstringentconditions. Such variants generally will retam the 
functional activity of the kinase proteins of the invention. Variants include polypeptides that 
differ in amino acid sequence due to natural allelic variation or mutagenesis. 
[0083] The invention also provides kinase chimeric or fusion proteins. As used 

herein a kinase "chimeric protein" or "fusion protein" comprises a kinase polypeptide 
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h ving an amino acid sequence corresponding .o a kinase pro«.n, whereas a non-tan^ 
p., JpUde" refers .0 a poiypepride Having an amino acid .e<,uenc conespon^.^ .0 a 
prol Ura. is no. snbsunUaiiy identicai .o .he Mnase pr«ein. e.g ap,«e.n * U^d.*^ 
L *e kinase pro^in and which ,s derived from Ore same or adrfteren. orgamsm. W*.n 
!::Lf„sion;>,ein,.e.nasepo,ypep.idecancorrespond»a.,orapo,,,on<^^^^^ 

pro^in pre,erablya..eas.onebio,ogica,iyac.ivepo.,.onofa.Unasepro«,n. W.*m*^ 
nrpl.in,J»r»-cperahIy..nked",sin.ended.oindica.e.a,.hekinasepo.ypepUde 

and .he non->dnase polypeptide are fused in-frame .o each other. The non-kmase 
poiypepade can he fused .„ *e N-rerminus or C-erminus of rhe kinase polypep . 
*^ . . i-cT^ viriQQf- fiKiion orotem in which the Kinase 

[(10841 One useful fusion protem is a GST-kinase fusion pro 

<-.i,.r-<!T«miueiices Such fusion proteins can 
sequences are fused to the C-terminos of the GST sequences. 

facilitate the purification of recombinant kinase proteins. 

~ In yet a«*er embodiment, the fusion protein is a kinase-immunoglobul.n 
1 protein in which all or par. o, a kinase pro«in is fused to sequences denved from a 
m ^r of die immunoglobulin protein family. The kinase-immunoglobulin fusion pro m 
rlinvenuoncanbeincorporaredintopharmaceuticalcompositionsandar^m.^^^ 

..ject to inhibit a„ interaction between a kinase ligand and a kinase P~ ^^^^^ 
of a cell thereby suppressing kinase-mediated signal ttansduction m viv,,. The kinase- 
lir globulil fuLn proteins can 1. used to affect the bioavai.*^^^ 

Zd Lbition of the kinase ligand«nase interaction may be useM dierapeu«caU , ^ 
r«eatingprohferadveanddifferentiativedisorde.andformod„la.ing(e.s..prom^^^^ 
inhibiting) cell survival. Moreover, the kinase-immunoglobuUn fusion proteins o, di 

Itioncanbeusedasimmunogenstoproduceanti-kinaseanabodiesmasu^^^^^ 

purify kinase ligands. and i. screening assays to identify molecules tiia. inhibi. *e 
interaction of a kinase protein with a kinase ligand. 

jOOg*, P,eferably,akinasechimericorfusionpro.einof.heinvennonisp«xlu«d 
y sulda^l recombinan. DNA techniques. For example. DNA fragments coding for *e 
d^^eren. polypeptide sequences may be ligated .ogether in-frame, or the fusion gene can be 
!;:^lLwithau.„mated.NAsynthesi.rs.Al.ematively,PCKamphfic^,.^ 

fragment can be cried „u. using anchor primers tiiat give rise to -P'~ 
veri,anrhe.ween.woconsecutivegenef.^ents,whichcansubseque^^^ 
and reamplified to generate a chimeric gene sequence («e. e.g., Ausube, e. al. , eds. (1995) 
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Mc^ver.aMnase-e„c<K.I„gnudeicacidcanbeclc„«.intoacon™e,c.a.,yava..*^^ 
«p,^ion veco. such .Ha, . U I,„W in-f^e » »is.»g fusion »oie.y. VananU of «,e 
Jase protein can funcUon as cither kinase agon,s,s (nnn«fe) or as kinase an.agon,s«. 
It:of.ekinasepro.,nca„hegenera.e.h,™n.agenesis,e.g.,aiscre.poi« — 
or— nofmeki„ascpro.ein.Anago„is,oftheki„asepro«incan„U.n— 2 
.he same or a snbse. of *e bioiogical ac.ivi.ics o, .he na.„ral,y occumng fonn o, *e k^na^e 
pr„.ein. An anUgonis. o, .he kinase pro.in can inhihi. one or .ore o, *e achvrues of «,e 
namrailyoccurringform of U^kinaseproreinby.for example, con,pe.i.iveyb,nd,ng»a 

ao»nslm or ups«am member of a ce„„Ur signaling cascade .ha. inCuCes .he k.n^ 
pro^in. -n,»s. specific biological cffecis can 1. elici^a by «ea»,cn. wi* a v^an. of 
L«d «.ncdon. ™n. o, a subjec. «iU. a varian. having a subse. o, ,he b,o,og,ca, 
acuviaes of *enamrall, occ«ring form of *e protein can have fe«er side effecs m a 
snbjec.,.la«ve.o«ea»„en.»iU,*enan.rallyocc«,nngformof*ckinasepro.e,ns. 

rW,871 Variant of .he kinase proKin *a. function as eite kinase agon,su or as 

«nasean.ago„isuca„beidentifiedbyscreeningcombina«»ia..ibrariesofmu.a„«^^^^^^^ 

,„„ca.ion mu«n«, of .he kinase protein for kinase protein agonis. or an^goms. ^u«.y. In 
one emb,d,men., a varregared library of kinase variant is generated by comb,.a»nal 
mu.agenesis a, .he nucleic acid level and is encoded by a variegated gene hbrary. A 
variegated library of kinase varianis can be produced by, for example, enzymatically .^ng 
a mixrure of syndetic ohgonucleotides in.o gene sequences such U,a. a degenera.e se. of 
poltia. kinl sequences is cxp.ssib,e as individual polypeptides, or alternatively, as a se. 
of larger «,sion proteins (e.g.. for phage display) contitining .he se. of kinase sequences 
ti^l T^ere a» a varicy of me.hods ma. can be used .o produce libranes o, po.«,«a. 
kinase variant fromadegenerateoligonucleoiide sequence. Chemicalsyn.hes.sofa 

degenerate gene sequence can be performed in an au.oma.ic DNA syn.hes,zer, and ti,e 
y^U,eticgld,en,igatedinti,anappr„priateexp.ss,onvec.or.Useofadege™^of 

I^esa.lows,or*e provision, in one mixiure, of all of *e sequences encod,ng*edes,red 

rrf itential kinal sequences. MeU.ods for synti-esizing degenerate oligonucleotides are 
llinti,ear.(.e,e.g.,Narang(i983)r«.**.n3«;f.akura..M19S4,.„^^^ 

r....53:323-.Iti*ura.,a,. (.9S4,Sci«.« .98:1056-. Ike <1983)N«c..cAc^«e.. 



11:477). 
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,0B,8] In addition, libraries of tragmenB of kinase protein coding sequence can 

be used .0 general a variegated population of kinase fragment for screening and 

"Zuen selection Of varranrs ofakinaseprotein. :ncneen.bodin»,.a.brar,oco^^^ 
se,uLf^n.canbegeneraredby,reaUngadoub,e-s«andedPCRfragn.en.o a 

r^codinr^uc„ce»UHanuc,easeu„derco„.tions.He.einnic«ngo«^ 
onceper nx-lecule, denaturing .he double-stranded DNA,renatunng.heDNA.o onn 

double-stianded DNA which can include sense/antisense pait. f-on. — ""'^ 
p^ucta, tentoving single-stranded ^rtions f^n, tefonned duplexes by treating S. 
nuclease and ligattng the resulting fragment library into an expression vector. By hrs 
rlrlcanaerrlanexpression library thatencodesN-tern^nalandintern.^ 

of various sizes of the kinase protein. 

[00891 several techniques are known in tt» ar, for screening gene products of 

co^binaroria. libraries made by point — or truncation and for ~ 
libraries for gene products having a selected properiy. Such techmques are adaptable for 
Xree„.'gofti,egenelibrariesgenera.edb,thecon.bina.orial.nu.^^^^^ 
proteins. The most widely used techmques, which are amenable to high tiuou^-put 
Lysis for screening large gene Ubraries typically include Coning the gene hbn^ mt 
replicable expression vectors, transforming appropriate cells witi, fl. resulting hbrary f 
:lrs,andLp.essing.hecombina,orialgene.underconditionsin Which dete^..^^ 

desired activity facilitates isolation of the v«or eneodingthe gene whose product was 

Recursive ensemble mutagenesis CREM). a technique that enh^cea tire frequency 
:fu„ctionalmuta„.s.nthelibra,,es,canbeusedincombinationwi.h*e~^^^ 
.oidentify kinase variants (Arkrn and Yourvan (1992) Proc. Na.1 AcaO. Sc.. USA 89.7811 
7815- Delgrave «<>(. (1993) Prottin £».sin<!e™.« 6(3):327-331). 

Si Anisolatedkinasepolypeptideofthcinventioncanbeusedasanrmmut^ogen 
L g Jerate antibodies that bind kinase proteins using standard techniques for polyclonal and 
monoclonal antibody preparation. The full-length kinase protein can be used or, 
alternatively-titeinventionprovidesantigenicpeptidefragmentsofkinase,^^^^^^^ 

as immunogens. m antigenic peptide o, a kinase protein comprrses at M^f^-- V 

10, 15. 20, or 30 amino acid residues ofti. amino acid sequence shown ^EQ ID ^O-^ 

and encompasses an epitope of a kinase protein such ma. an antibody raised agams. *e 

peptide fonns a specific immune complex with the kinase protein. P«fem»i eprtopcs 
::!passedbyrean.igenicpeptidea..egionso,akinasepro.ein*a.areloca.edo„the 
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surface of .he protein, e.g.. hydn^philic «gions. Analysis of *e coding region tern U,e 
14189 polypepUde predicis hydrophilic regions from about anuno acid 10 to about anuno 
acid 22, f«>m about amino acid 30 to about amino acid 40, from about amino acid 50 to 
about amino acid 60, from about amino acid 68 to about amino acid 72, from about amtno 
acid 80 to about ammo acid 90. from about amino acid 132 to about amino acid 142. from 
about amino acid 168 to about amino acid 177, from about amino acid 180 to about an.no 
acid 188, ftom about amino acid 213 to about amino acid 250. from about amino ac.d 258 to 
about amino acid 265, from about amino acid 290 to about amino acid 330, from about 
amino acid 335 to about amino acid 340, from about amino acid 350 to about amino ac,d 
420 from about amino acid 428 to about amino acid 440, from about amino acid 472 to 
about amino acid 480, and from about amino acid 485 to about amino acd 508. 
[0091] Accordingly, another aspect of the invention pertains to ant,-tanase 

polyclonal and monoclonal antibodies that bind a kinase protein. Polyclonal anu-lcnase 
antibodies can be prepared by immunizing a sui«*le subject (e.g., rabbi,, goat, mouse, or 
other mammal) with a kinase immunogen. Tl. anti-kinase anttbody titer in the immumzed 
subject can be monitored over time by standard t«hni,ues. such as with an enzyme Imked 
immunosoAent assay (EUSA) using immobilized kinase protein. A, an appropnate ..me 
after immunization. e.g.. when Ae anU-kinase anUbody titers a« highest, anubody- 
producng cells can be obtained from the subject and used U> prepare monoclonal anubod.es 
by s.andard techniques, such as the hybridoma technique originally de^bed by Kohler and 
Milsrein (1975) Na,ure 256:495-497, the human B-cell hybridoma Kchnique (Kozbor e, al. 
(1983) Immunol. Today 4:72), the EBV-hybridoma technique (Cole e, oL (1985) m 
MonoCon., Antito^s anS Cancer THera^, ed. Reisfeld and Sell (Alan R. Uss Inc., Ne« 
York NY) PP 77-96) or trioma techniques. The technology for producing hybndomas .s 
well know^ isee generally Coligan al. eds. (1994) Curren, Fro,oools in Inmunolojy 
(John Wiley & Sons, Inc.. New York. NY); Oalfre e, a,. (1977) Ncure 266:55052; Kenneth 
(1980) in Monoclonal Anrtbodies: A N.w Dunension In Biological Analyses (Plenum 
Publishing corp.. NY; «.d Lemer (1981) Yale J. Biol. Med.. 54:387-402). 
[0092] Alternative to preparing monoclonal anttbody-secreting hybndomas, a 

monoclonal anti-kinase antibody can be idenUfied and isolated by screening a recombman, 
c„mbina«,rial immunoglobulin library (e.g.. an antibody phage d,sp,ay library) w,th a k.nase 
protein u> ti,ereby isolate immunoglobuUn library members tt>a. bind d,e kinase protem. 
Kits for generating and screening phage display libraries are commercially available (e.g.. 
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the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAP^ Phage Display Kit, Catalog No. 240612). Additionally, examples of 
methods and reagents particularly amenable for use in generating and screening antibody 
display hbrary can be found in, for example, U.S. Patent No. 5,223,409; PCT Publication 
Nos. WO 92/18619; WO 91/17271; WO 92/20791; WO 92/15679; 93/01288; WO 
92/01047; 92/09690; and 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay 
et al. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275- 
1281; Griffiths et al. (1993) EMBO J. 12:725-734. 

[0093] Additionally, recombinant anti-kinase antibodies, such as chimeric and 

humanized monoclonal antibodies, comprising both human and nonhuman portions, which 
can be made using standard recombinant DNA techniques, are within the scope of the 
invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
PCT Publication Nos. WO 86101533 and WO 87/02671; European Patent Application Nos. 
184 187 171.496, 125,023, and 173,494; U.S. Patent Nos. 4,816,567 and 5,225,539; 
Eurlpe^ Patent Application 125,023; Better et al. (1988) Science 240: 1041-1043; liu et al. 
(1987) Proc. Natl. Acad Sci. USA 84:3439-3443; Liu et al. (1987) /. Immunol. 139:3521- 
3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:214-218; Nishimura et al. (1987) 
Cane Res 47 999-1005; Wood et al. (1985) Nature 314:446-449; Shaw et al. (1988) J. 
Natl. Cancer Inst. 80:1553-1559); Morrison (1985) Science 229:1202-1207; Oi et al. (1986) 
Bio^echnigues 4:214; Jones et al. (1986) Nature 321:552-525; Verhoeyan et al. (1988) 
Science 239:1534; and Beidler et al. (1988) J. Immunol. 141:4053-4060. 
[0094] Completely human antibodies are particularly desirable for therapeutic 

treatment of human patients. Such antibodies can be produced using transgenic mice that 
are incapable of expressing endogenous immunoglobulin heavy and light chains genes, but 
which can express human heavy and Ught chain genes. See, for example, I^nberg and 
Huszar (1995) Int. Rev. Immunol. 13:65-93); and U.S. Patent Nos. 5,625,126; 5,633,425; 
5,569,825; 5,661,016; and 5,545,806. In addition, companies such as Abgenix, Inc. 
(Fremont, CA), can be engaged to provide human antibodies directed against a selected 
antigen using technology similar to that described above. 

[0095] Completely human antibodies that recognize a selected epitope can be 

generated using a technique referred to as "guided selection." In this approach a selected 
non-human monoclonal antibody, e.g., a murine antibody, is used to guide the selection of a 
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completely human antibody recognizing the same epitope. This technology is described by 
Jespers et al. (1994) Bio/Technology 12:899-903). 

[00961 An anti-kinase antibody (e.g., monoclonal antibody) can be used to isolate 

kinase proteins by standard techniques, such as affinity chromatography or 
immunoprecipitation. An anti-kinase antibody can facilitate the purification of natural 
kinase protein from cells and of recombinantly produced kinase protein expressed m host 
cells Moreover, an anti-kinase antibody can be used to detect kinase protem (e.g.. m a 
cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of 
expression of the kinase protein. Anti-kinase antibodies can be used diagnostically to 
monitor protein levels in tissue as part of a clinical testing procedure to, for example, 
determine the efficacy of a given treatment regimen. Detection can be facilitated by 
coupling the antibody to a detectable substance. Examples of detectable substances include 
various enzymes, prosthetic groups, fluorescent materials, luminescent matenals, 
bioluminescent materials, and radioactive materials. Examples of suitable enzymes include 
horseradish peroxidase, alkaline phosphatase, P-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include stieptavidinA>iotin and 
avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein, 
fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride 
or phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase luciferin, and aequorin; and examples of 
suitable radioactive material include '^^I, '^'l, S, or H. 

[00971 Further, an antibody (or fragment thereof) may be conjugated to a therapeutic 

moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin or 
cytotoxic agent includes any agent that is detrimental to cells. Examples include taxol, 
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunombicin, dihydroxy 
anthracin dione. mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone. 
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or 
homologs thereof. Ttierapeutic agents include, but are not limited to, antimetabolites (e.g., 
methotrexate. 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine), 
alkylating agents (e.g.. mechlorethamine, thioepa chlorambucil, melphalan, carmusUne 
(BSNU) and lomustine (CCNU). cyclothosphamide. busulfan, dibromomannitol, 
streptozotocin. mitomycin C. and cis-dichlorodiamine platinum (ID (DDP) cisplatin). 
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anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiot.cs 
(e g dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycm 
(AMC)),andant,-mitoticagents(e.g.,vincristineandvinblastine). The conjugates of the 
invention can be used for modifying a given biological response, the drug moiety xs not to be 
construed as limited to classical chemical therapeutic agents. For example, the drug moiety 
m.y be a protein or polypeptide possessing a desired biological activity. Such proteins may 
include, for example, a toxin such as abrin, ricin A, pseudomonas exotoxin, or diphthena 
toxin; a protein such as tumor necrosis factor, .alpha.-interferon, .beta.-interferon, nerve 
growth factor, platelet derived growth factor, tissue plasminogen activator; or, biological 
response modifiers such as, for example, lymphokines, interleukin-l ("IL-1"), interleuldn-2 
("IL-2") interleukin-6 ("IL-6"), granulocyte macrophase colony stimulatmg factor ( GM- 
CSF") granulocyte colony stimulating factor ("G-CSF"), or other growth factors. 
[00981 Techniques for conjugating such therapeutic moiety to antibodies are well 

known see, e.g., Amon et al, "Monoclonal Antibodies For Immunotargeting Of Drugs In 
Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 
243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al, "Antibodies For Drug Delivery", m 
controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 
1987)- Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Tlierapy: A Review", m 
Monoclonal Antibodies '84:Biological And Clinical Applications. Pinchera et al. (eds.), pp. 
475-506 (1985); "Analysis, Results, And Future Prospective Of m llierapeutic Use Of 
Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer 
Detection And Therapy, Baldwin et al. (eds.), pp. 303-16 (Academic Press 1985), and 
Thorpe et al., "The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates , 
Immunol Rev., 62:119-58 (1982). Alternatively, an antibody can be conjugated to a second 
antibody to form an antibody heteroconjugate as described by Segal in U.S. Patent No. 
4,676,980. 

m P^r-nmhinantFvpi^ssion Vectors and Host Cells 

[0099] Another aspect of the invention pertains to vectors, preferably expression 

vectors, containinganucleicacidencodingakinase protein of the invention(oraportion 

thereof) "Vector" refers to a nucleic acid molecule capable of transporting another nucleic 
acid to which it has been linked, such as a "plasmid" , a circular double-stranded DN A loop 
into which additional DNA segments can be ligated, or a viral vector, where additional DNA 
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segments can be ligated into the viral genome. T^e vectors are useful for autonomous 
replication in a host cell or may be integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated along v.ith the host genome (e.g., 
nonepisomal mammalian vectors). Expression vectors are capable of directmg the 
expression of genes to which they are operably linked. In general, expression vectors of 
utility in recombinant DNA techniques are often in the form of plasmids (vectors). 
However, the invention is intended to include such other forms of expression vectors, such 
as viral vectors (e.g.. replication-defective retroviruses, adenoviruses, and adeno-assocated 
viruses), that serve equivalent functions. 

[00100] The recombinant expression vectors of the invention comprise a nucleic acid 
of the invention in a form suitable for expression of the nucleic acid in a host cell. This 
means that the recombinant expression vectors include one or more regulatory sequences, 
selected on the basis of the host cells to be used for expression, operably linked to the 
nucleic acid sequence to be expressed. "Operably linked" is intended to mean that the 
nucleotide sequence of interest is linked to the regulatory sequence(s) in a manner that 
allows for expression of the nucleotide sequence (e.g., in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). The term 
"regulatory sequence" is intended to include promoters, enhancers, and other expression 
control elements (e.g., polyadenylation signals). See, for example, Goeddel (1990) in Gene 
Expression Technology: Methods in Enzymology 185 (Academic Press, San Diego, CA). 
Regulatory sequences include those that direct constitutive expression of a nucleotide 
sequence in many types of host cells and those that direct expression of the nucleotide 
sequence only in certain host cells (e.g., tissue-specific regulatory sequences). It will be 
appreciated by those skilled in the art that the design of the expression vector can depend on 
such factors as the choice of the host cell to be transformed, the level of expression of 
protein desired, etc. The expression vectors of the invention can be introduced into host 
cells to thereby produce proteins or peptides, including fusion proteins or peptides, encoded 
by nucleic acids as described herein (e.g., kinase proteins, mutant forms of kinase protems, 
fusion proteins, etc.). 

[00101] The recombinant expression vectors of the invention can be designed for 
expression of kinase protein in prokaryotic or eukaryotic host cells. Expression of proteins 
in prokaryotes is most often carried out in E. coli with vectors containing constitutive or 
inducible promoters directing the expression of either fusion or nonfusion proteins. Fusion 
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vectors add a number of amino acids .o a pro«in encoded *e«in. usually u. *e am.no 
«s of .he recombinant protein. Typical fusion expression vectors include pOEX 
(Pbannacia Biotecb Inc; Smith and Johnson (1988) Gene 67:31-40). pMAL (New England 
Biolabs. Beverly, MA), and pRTTS (Pharmacia. Piscataway. NJ) which fuse glutathione S- 
transferal (OST). maltose E binding pmtein, or ptotein A. respectively, to the target 
recombinant protein. Examples of suitable mducible nonfusion K cdi exp«ssion vectors 
include pTrc (Amann e. al (1988) Gem 69:301-315) and pET Ud (S«.dier et oL (1990) m 
Gene Expression TecHnolo^: UetHods in Enz^logy 185 (Academic Press. San Dtego. 
CA) pp 60-89). Strategies to maximize tecombinant protein expression in E. col, can be 
fouJd in Gotlesman (1990) in Gene Expression Technology: Methods in Emymology 185 
(Academic Ptess, CA), pp. 119-128 and Wada e, ol. (1992) Nucleic Acids Res. 20:21 1 1- 
2118. Targe, gene expression from the pTrc vector relies on host RNA polymerase 
transcription from a hybrid tip-lac fusion promoter. 

mim Sui.able eukaryotic host ceUs include insect cells (examples of Baculovrrus 
vectors available tor expression of proteins in cultured ins«=t cells (e.g.. Sf 9 cells) include 
Ure pAc series (Smith e. al. (1983) Mol. Cell Biol. 3.2156-2165) and the pVl. series 
(Lucldow and Summers (1989) Virology 170.3 1-39)); yeas, cells (examples of vectors for 
expression ,n yeas. S. cere^isiae include pVepSecl (Baldari e. ai. (1987) EMBO J. 6:229- 
234) pMFa (Kurjan and Her^owiu (1982) Cell 30:933-943). pJRY88 (Schultz « al. (1987) 
Gene 54- 1 13-123). pYES2 (Invitrogen Corporation, San Diego, CA). and pPicZ anvttogen 
Corporation. San Diego. CA)); or mammalian cells (mammalian expression vec«>rs mclude 
pCDM8 (Seed (1987) Nature 329:840) and pMT2PC (Kaufman e, al. (1987) EMBO J. 
6- 1 87- 195)) Suitable mammaUan cells include Chinese hamster ovary cells (CHO) or SV40 
transformed simian kidney cells (COS). In mammalian cells, tire expression vector's control 
ftrnctions are often pn.vided by viral regulatory elemen.s. For example, commonly used 
p^norers are derived from polyoma. Adenovirus 2. cytomegalovirus, and Simian Virus 40. 
For other smtable expression systems for boti, prokaryotic and eukaryotic cells, see chapters 
16 and 17 of Sambrook « al. (1989) Molecular Cloning: A Laboratory Manual (2d ed.. 
cold Spring Harbor Laborawy Press, Flainview, NY). See, Goeddel (1990) rn Gene 
Expression Technology: Methods in Enzymology 185 (Academic Press. San Drego, CA). 
Alternatively, tite recombinant expression vector can be tianscribed and tiansla.ed in ^ro, 
for example using T7 promoBr regula.ory sequences and T7 polymerase. 
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[00103, The .e^s "host ceH" and -^combinan. hos. eel," a. used ^'^'^^'^ 
rrK.u„de.tooa.ha.such.e,„,s„,er„c.o„>y«-*.pa«icu>a,su>,,e«ce«bu.»U,e 

pn^geny or pctenUa, progeny of such a ce«. Becaus. ce^ain nKxEfleaUons n^y o.^^^^ 
^Lg gene-io- due .o either mutaUon or en— Ul influences, such prog«.y 

term as used herein. 

,«,1041 I„oneembodin«nt,«,eexpressionvec,orisarecombinan.n— ..an 

TpL ion ve«or ma. comprises «ssue-sp.cific regulatory elements ,ha. direct exp«ss.on o, 
:ruceicacidp.e,eren,ia,.yinapanicu,.ce„type.Suitab,e.issue-sp.i«cp^^^^^ 

include .he albun^n pn>nro«r (Uver-speciflc; Pinter, e. a,. (19S7, 

..mphoid-specific p.on,o«rs (Calame andEaton (1988) A*. !"';;;'^^,.„3, 
par^cular promoters of T.e,. recep«>rs (Wino«. and Baltimo« (1989) EMBO J. 8.729 733, 

„ ..,„, M0831 CeH 33 729-740; Queen and Baltimore (1983) 
and immunoglobulins (Baner,i«al (1983) Cell 33. /i^ ,„.„„™eand 
Cell 33-741.748), neuron-speciflc promoters (e.g., *e neurofllamen. promoter. Byme 
Ruddle (1989) Proc. ml Aco^ Sci. USA 86:5473-5477), pancreas-specific ptomoters 
S!:d«J(1985)Sc.„.230:9U-916,a„dmammaryg.»d-speciflcpr^^^^ 
milkwheypromoter;U.S.Pat»tNo.4.873316andE»ropeanApplica«o„Paten. 
rllica.il NO. 264,166). Developmemally-regulated pron^^rs are also encom;^^^^ 

lample the murtne homeobo. (ho.) promorer (Kesse. and O^^^^l^^^^^^^^ 
379), L «-fe.opro«in promorer (Campes and Tilghman (.989) Oe^e. De,. 3.537-546), and 

11.inven«onfur*erprovidesarecombinan.expressionvec.orc„mprisinga 

' , .Hi„.„.h.exoressionvec.orinanantisenseonenuinon. 

DNAmolecu.eof*einvennoncloned,ntotheexpress.on „,„„„a.at 

That is *e DNA mo.ecu.e is operab.y .inked .o a regulatory sequence m a ma„n« *^at 
I« or exp^ion (by —.on o, U,e DNA molecule) of an RNA molecule tba. .s 
!:Ise.olasemRNA. Regulatory se,uencesoperab.y,in.ed.oanuc.e,cac.c.oned 

i„ ^ anasense orienmion can be chosen to direct the continuous express.on of the 
„ RNA mo,ecu.e in a variety of ce.. types, for instance vira. promoters and/or^ 
:nhanc^,or.egu,a.oryse,uencescanbechosen.o.rec.cons..uUve.ussue^^^ 

eell-type-specific expression of antisense RNA. T^e antisense express-on vector can be 
:!fol o a recombinant plastnid. phagemid. or attenuated virus in which anttsense nu e,c 
lsareprc^uced„nderthecon.r„.ofahl^emcienc,re^.a.oryre^on.«,e.t.^ 

which can be determined by the ce.. type into which the vector is introduced. For 
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aiscussion of .he regulaUon of gene expression using anUsense genes see Wein»aub « ai. 
(1986) Reviews ■ Trends in Genetics, Vol. 1(1)- 

[00106] Vector DN A can be introduced into prokaryotic or eukaryotic cells vta 
convenUonal ,ransfomu,.ion or transfection .echmques. As used herein, the tenns 
..transformation" and -transfection.. are intended to refer to a variety of art-recogmzed 
techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, includtng 
calcium phosphate or calcium chloride co-ptecipitation, DEAE-dext^-mediated 
transfection, lipofection. or electroporation. Suitable methods for transfonmng or 
transfecting host cells can be found in SambrooK e, at (1989) A^*c„,ar Oo^ A 
Uioraty Manual (2d ed. Cold Spring Harbor laboratory P^s, Plainvie». NY) and other 
laboratory manuals. 

mm For stable transfecUon of mammalian cells, it is known .hat, depend,ng upon 

the expression vecU>r and transfection technique used, only a small fracUon of cells may 
IntegratetheforeignDNA into d^ir genome, in otder^, identify and select these tnteg^nts, 

a gene that encodes a selectable marker (e.g., for resistance to antibiotics) is generally 
inLuced into the host ceUs along with the gene o, inte«st. Preferred selectable markers 
include those which confer resistance to dmgs, such as G418,hygromycin, and 
methot^xate. Nucleic acidencodingaselectable marker canbe introduced intoahost cell 

on the same vector as that encoding a kinase protein or can be introduced on a s^^ 
vector. cellss,ablyttansfec.edwi.h*einmxiucednucleicacidca.beidentifiedbydrug 

selection (e.g.. cells that have incorporated the selectable marker gene will survive, whrle the 



Other cells die). . * ^^n 

1001081 A host cell of the invenUon, such as a prokaryottc or eukaryofc host cell 
culture, can he used to produce (i.e., express) kinase protein. Accordingly, the invention 
further provides methods for producing kinase protein using the host cells of the mventton. 
m one embodiment dte method comprises cul.unng the host cel. of the invention, .n» 
which a tecombinan, exp^sion vector encoding a kinase protein has been introduced, m a 
suitable medium such that kinase protein is produ^d. In another embodimen., dte method 
furUter comprises isolaUng kinase protein fiom the medium or the host cell. 
[001091 The host cells of the invention can also be used to produce nonhuman 
transgenic animals. For example, in one embodiment.ahost cell of the invention ,sa 

fertilized oocyte or an embryonic stem cell into which kinase^ng sequences have been 
introduced. Such host cells can then be used to create nonhuman transgenic ammals ,n 
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which exogenous kinase sequences have been inttoteed in«, U,eir gencn» or h„n,oU,gous 
„combinan. animals in which endogenous Wnase sequences have been al.e«d. Such 
animais a„ useful for studying .he functton and/or activity of Knase genes and protetns and 
foridentifyingand/orevaluatingmodulatorsotkinaseacttvity. Asusedhe^tn a 
■ Wgenic animal" is a nonhuman animal. prcfe«bly a mammal, mo« preferably a rodem 
such as ara. or mouse, in which one or more of .he cells of *e animal includes a «ansgene 
Other examples of transgenic animals include nonhuman primates, sheep, dogs. cows, goats, 
chickens, amphibians, etc. A transgene is exogenous DNA that is in.egra«d in.o .he 
genome of a cel. ftom which a mutsgenic ammal develops and which remains m the genome 
of the mature animal, thereby directing the expression of an encoded gene product m one or 
mo,, cell types or tissues of flte transgenic animal. As used herein, a "homologous 
recombinant animal" is a nonhuman ammal, preferably a mammal, more preferably a 
™„se. in which an endogenous kinase gene has been altered by homologous - 
be.«een fte endogenous gene and an exogenous DNA molecule introduced .nto a cell of the 
animal, e.g.. an embryonic cell of die animal, prior to development of the an.mal. 
tOOnOl A transgenic ammal of the invenrion can be created by introducing ktnase- 
enccding nucleic acid into the male pronuclei of a fertUized oocyte. e.g.. by micrcini^tion, 
retroviral infection, and allowing the oocy« to develop in a pseudopregnant female foster 
animal The kinase cDNA sequence can be introduced as a transgene into the genotne of a 
nonhuman animal. Altcmarively, a homologue of the mouse kinase gene can be tsolated 
based on hybridization and us^ as a transgene. Intronic sequences and polyadenylaUon 
Signals can also he included in the transgene to increase the efficiency of express.™ of the 
.r^sgene. A tissue-specific .egulatory seque„ce(s, can he operably linked to the bnase 
tmnsgene to direct expression of kinase protein to pariicular cells. Meihods for generanng 
t^sU — Via embryo manipularion and mictoiniection. particularly atum^s su^h as 
mice, have become conventional in U,e art and are described, for example, m U S. Paten. 
Nos 4 736.866. 4,870.0<». and 4.873.191 and in Hogan (1986) ManipuUuins Mou^ 
,^^o (Cold spring Harbor Labora«>ry Pteas. Cold Spring .Urbor, NY. 1986)^ Simrlar 
methods are usedfor production of other transgenic animals. A^ansgcmc founder antmal 

can be identified based upon the ptesence of tt.e kinase transgene in its genome and/or 
expression of kinase mBNA in tissues or cells of.he animals. Attansgenic founder ammal 
can tt,en be used .o breed additional animals earring .he tiansgene. Moreover, tiansgemc 
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animah casing a »ansge„e encoding «nase gen. can fn«her be «> o*er ^nsgenic 
animals cairying other transgenes. 

rOClUl To create a homologous tecombinant animal, one prepares a vector 
containing a, leas, a portion of a kinase gene or a homologue of the gene into which a 
deletion, addition, or substitution has been introduced ,„ thereby alter, e.g., functtonally 
disrupt, the kinase gene. In a preferred embodiment, the ve«or is designed such Urat, upon 
homologous recombination, the endogenous kinase gene is firnctionally disrupted 0.e., no 
longer encodes a functional protein; such vectors are also referred to as "knock out 
vectors). AltemaUvely, the vec«,r can be designed such that, upon homologous 
recombination, the endogenous kinase gene is mutated or od,erwise altered but sf 1 encodes 
functional protein (e.g., the upst^un regulatory region can be altered to thereby alter the 
expression of the endogenous kinase protein). In the homologous recombinatron vector, he 
alLd portion of the kinase gene is flanked a, its 5' atri V ends by additional nuelerc acrd of 
the kinase gene to allow for homologous recombination to occur between the exogenous 
kinase gene carried by the vec«>r and an endogenous kinase gene in an embryonic stem cell. 
The additional flanking kinase nucleic acid is o, sufficient lengdr for successful homologous 
recombination wid, the endogenous gene. TypicaUy, several kilobases of flaking DN A 
(both at the 5^ and S'ends) are included in the vector (see. e.g., Tlromas and Capeccht (1987) 
Cdi51-503foradescriptionofhomologousrecombinationvectors). Tievectorrs 
introduced into an embryonic stem cell line (e.g. by electroporation), and cells in which the 
introduced kmase gene has homologously recombined with the endogenous kinase gene are 
selected (.... e.g., U e, al (1992) Cell 69:915). Ute selected cells are then inje««^.n.o a 
blastocyst of an animal (e.g. a mouse) to form aggregation chimeras (see. e.g., Bmdley 
(1987) in Tera,oc<.rcmomas and Embryonic Stem Cells: A PraCical Approach, ed. 
Robe„son(mL, Oxford), pp. 113-152). A chimeric embryo can then be implanted rnto a 
suitable pseudopre^ant female foster animal and the embryo brought to term. Froggy 
harboring dre homologously tecombined DN A in their germ cells can be used to ^ 
ammals in which all cells of the animal contain the homologously recombined DNA by 
germline transmission of die transgene. MeUrods for constructing homologous 
recombination vectors and homologous tecombinan, animals are described further ,n 
BriKlley (1991) Curren, Opinion in BlofTecMolo^ 2:823-829 and in PCT Pubhcatton Nos. 
WO 90/11354, WO 91/01140, WO 92A)968, and WO 93/04169. 
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[00112] In another embodiment, transgenic nonhuman animals containing selected 
systems that allow for regulated expression of the transgene can be produced. One example 
of such a system is the cre/loxP recombinase system of bacteriophage PI. For a description 
of the creAcP recombinase system, see. e.g., Lakso et al. (1992) Proc. Natl. Acad. Sci. USA 
89-6232-6236. Another example of a recombinase system is the FLP recombinase system of 
Saccharomyces cere.isiae (O'Gorman et al. (1991) Science 251:1351-1355). If a creAoxP 
recombinase system is used to regulate expression of the transgene, animals contaimng 
transgenes encoding both the Cre recombinase and a selected protein are required. Such 
animals can be provided through the construction of "double" transgenic animals, e.g., by 
mating two transgenic animals, one containing a transgene encoding a selected protem and 
the other containing a transgene encoding a recombinase. 

[00113] Clones of the nonhuman transgenic animals described herein can also be 
produced according to the methods described in Wilmut et al (1997) Nature 385:810-813 
and PCX Publication Nos. WO 97/07668 and WO 97/07669. 

IV. Pharmaceuf it^al Compositions 

[00114] The kinase nucleic acid molecules, kinase proteins, and modulators thereof 
(e g anti-kinase antibodies) (also referred to herein as "active compounds") of the invention 
can be incorporated into pharmaceutical compositions suitable for administration. Such 
compositions typically comprise the nucleic acid molecule, protein, or modulators (e.g.. 
antibody or small molecules and a pharmaceutically acceptable carrier). As used herem the 
language "pharmaceutically acceptable carrier" is intended to include any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
delaying agents, and the like, compatible with pharmaceutical administration. The use of 
such media and agents for pharmaceutically active substances is well known in the art. 
Except insofar as any conventional media or agent is incompatible with the active 
compound, use thereof in the compositions is contemplated. Supplementary active 
compounds can also be incorporated into the compositions. 

[00115] The compositions of the invention are useful to treat any of the disorders 
discussed herein. The compositions are provided in therapeutically effective amounts. By 
"therapeutically effective amounts" is intended an amount sufficient to modulate the desired 
response. As defined herein, a therapeutically effective amount of protein or polypeptide 
(i e , an effective dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably 
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about 0 01 to 25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body weight, 
and even more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 
5 to 6 mg/kg body weight. 

[00116] The skilled artisan will appreciate that certain factors may influence the 
dosage required to effectively treat a subject, including but not limited to the severity of the 
disease or disorder, previous treatments, the general health and/or age of the subject, and 
other diseases present. Moreover, treatment of a subject with a therapeutically effective 
amount of a protein, polypeptide, or antibody can include a single treatment or, preferably, 
can include a series of treatments. In a preferred example, a subject is treated with antibody, 
protein, or polypeptide in the range of between about 0. 1 to 20 mg/kg body weight, one time 
per week for between about 1 to 10 weeks, preferably between 2 to 8 weeks, more 
preferably between about 3 to 7 weeks, and even more preferably for about 4, 5, or 6 weeks. 
It will also be appreciated that the effective dosage of antibody, protein, or polypeptide used 
for treatment may increase or decrease over the course of a particular treatment. Changes m 
dosage may result and become apparent from the results of diagnostic assays as descnbed 
herein. 

[00117] The present invention encompasses agents which modulate expression or 
activity. An agent may, for example, be a small molecule. For example, such small 
molecules include, but are not limited to, peptides, peptidomimetics, amino acids, ammo 
acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs, 
organic or inorganic compounds (i.e.. including heteroorganic and organometallic 
compounds) having a molecular weight less than about 10,000 grams per mole, organic or 
inorganic compounds having a molecular weight less than about 5.000 grams per mole, 
organic or inorganic compounds having a molecular weight less than about 1,000 grams per 
mole organic or inorganic compounds having a molecular weight less than about 500 grams 
per mole, and salts, esters, and other pharmaceutically acceptable forms of such compounds. 
[00118] It is understood that appropriate doses of small molecule agents depends 
upon a number of factors within the ken of the ordinarily skilled physician, veterinarian, or 
researcher. The dose(s) of the small molecule will vary, for example, depending upon the 
identity size, and condition of the subject or sample being tireated, further depending upon 
the route by which the composition is to be administered, if applicable, and the effect which 
tiie practitioner desires the small molecule to have upon the nucleic acid or polypeptide of 
the invention. Exemplary doses include milligram or microgram amounts of the small 
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molecule per kilogram of subject or sample weight (e.g.. about 1 microgram per kilogram to 

about 500 miUigrams per kilogram, about 100 micrograms per kilogram to about 5 

milligrams per kilogram, or about 1 microgram per kilogram to about 50 micrograms per 

kilogram. It is furthermore understood that appropriate doses of a small molecule depend 

upon the potency of the small molecule with respect to the expression or acUvity to be 

modulated. Such appropriate doses may be determined using the assays described herem. 

When one or more of these small molecules is to be administered to an animal (e.g., a 

human) in order to modulate expression or activity of a polypeptide or nucleic acid of the 

invention, a physician, veterinarian, or researcher may, for example, prescribe a relatively 

low dose at first, subsequently increasing the dose until an appropriate response is obtained. 

In addition, it is understood that the specific dose level for any particular animal subject will 

depend upon a variety of factors including the activity of the specific compound employed, 

the age, body weight, general health, gender, and diet of the subject, the time of 
administration, the route of administration, the rate of excretion, anydrug combination, and 

the degree of expression or activity to be modulated. 

[00119] A pharmaceutical composition of the invention is formulated to be 
compatible with its intended route of administration. Examples of routes of administration 
include parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g.. inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibactenal 
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or 
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as 
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium 
chloride or dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or 
sodium hydroxide. The parenteral preparation can be enclosed in ampoules, disposable 
syringes, or multiple dose vials made of glass or plastic. 

[00120] Pharmaceutical compositions suitable for injectable use include stenle 
aqueous solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersions. For intravenous 
administration, suitable carriers include physiological saline, bacteriostatic water, 
Cremophor EL™ (BASF; Parsippany, NJ). or phosphate buffered saline (PBS). In all cases. 
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the composition must be sterile and should be fluid to the extent that easy syringability 
exists. It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms such as bacteria and fungi. 
The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, 
polyol (for example, glycerol, propylene glycol, and liquid polyetheylene glycol, and the 
like), and suitable mixtures thereof. The proper fluidity can be maintained, for example, by 
the use of a coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersion, and by the use of surfactants. Prevention of the action of microorganisms 
can be achieved by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be 
preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol, 
sorbitol, sodium chloride, in the composition. Prolonged absorption of the injectable 
compositions can be brought about by including in the composition an agent that delays 
absorption, for example, aluminum monostearate and gelatin. 
[00121] Sterile injectable solutions can be prepared by incorporating the active 
compound (e.g., a kinase protein or anti-kinase antibody) in the required amount in an 
appropriate solvent with one or a combination of ingredients enumerated above, as inquired, 
followed by filtered sterilization. Generally, dispersions are prepared by incorporating the 
active compound into a sterile vehicle that contains a basic dispersion medium and the 
required other ingredients from those enumerated above. In the case of sterile powders for 
the preparation of sterile injectable solutions, the preferred methods of preparation are 
vacuum drying and freeze-drying, which yields a powder of the active ingredient plus any 
additional desired ingredient from a previously sterile-filtered solution thereof. 
[00122] Oral compositions generally include an inert diluent or an edible carrier. 
They can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible 
binding agents, and/or adjuvant materials can be included as part of the composition. The 
tablets, pills, capsules, troches and the like can contain any of the following ingredients, or 
compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth, 
or gelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic acid. 



-41- 



Attorney Docket No. MPI00-268DV1M 



Primogel, or com s«ich; a lubrican. such as magnesium stearaK or Srerotes; a glidan. such 
as conoidal silicon dioxide; a swee«,ning agent such as sucrose or saccharin; or a flavonng 
agent such as peppermint, methyl salicylate, or orange flavoring. For administration by 
inhalau™,. the compounds are dehvered in the form of an aerosol spray from a pressun^ 
container or dispenser that contains a suitable propellant. e.g.. a gas such as carbon dtoxtde. 
or a nebulizer. 

[00123] Systemic administration can also be by transmucosal or transdermal means. 
For transmucosal or transdermal administration, penetrants appropriate to the bamer to be 
permeated are used in the formulation. Such penetrants are generally known in the art, and 
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acxd 
derivatives. Transmucosal administration can be accompUshed through the use of nasal 
sprays or suppositories. For transdermal administiration, the active compounds are 
formulated into ointinents, salves, gels, or creams as generally known in the art. The 
compounds can also be prepared in the form of suppositories (e.g., with conventional 
suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 

delivery. . u ^ ii 

[00124] In one embodiment, tiie active compounds are prepared with earners that will 
protect the compound against rapid elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydndes, 
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Metiiods for preparation of 
such formulations will be apparent to those skilled in the art. The materials can also be 
obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Uposomal 
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to 
viral antigens) can also be used as pharmaceutically acceptable carriers. These can be 
p^pared according to methods known to those skilled in the art, for example, as descnbed m 
U.S. Patent No. 4,522,811. 

[00125] It is especially advantageous to formulate oral or parenteral compositions m 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as 
used herein refers to physically discrete units suited as unitary dosages for the subject to be 
treated witii each unit containing a predetermined quantity of active compound calculated to 
produce the desired therapeutic effect in association with the required pharmaceutical 
carrier Depending on tiie type and severity of the disease, about 1 J.g/kg to about 1 5 mg/kg 
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(e g 0 1 to 20 mg/kg) of antibody is an initial candidate dosage for administration to the 
patient, whether, for example, by one or more separate administrations, or by continuous 
infusion. A typical daily dosage might range from about 1 ,ig/kg to about 100 mg/kg or 
more, depending on the factors mentioned above. For repeated administrations over several 
days or longer, depending on the condition, the treatment is sustained until a desired 
suppression of disease symptoms occurs. However, other dosage regimens may be useful. 
The progress of this therapy is easily monitored by conventional techniques and assays. An 
exemplary dosing regimen is disclosed in WO 94/04188. The specification for the dosage 
unit forms of the invention are dictated by and directly dependent on the umque 
characteristics of the active compound and the particular therapeutic effect to be achieved, 
and the limitations inherent in the art of compounding such an active compound for the 
treatment of individuals. 

[00126] The nucleic acid molecules of the invention can be inserted into vectors and 
used as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (U.S. Patent 5,328,470), or by 
stereotactic injection (s.e, e.g., Chen et al. (1994) Proc. Natl Acad. Sci. USA 91:3054- 
3057) The pharmaceutical preparation of the gene therapy vector can include the gene 
therapy vector in an acceptable diluent, or can comprise a slow release matrix in which the 
gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery vector 
can be produced intact from recombinant cells, e.g., retroviral vectors, the pharmaceutical 
preparation can include one or more cells which produce the gene deUvery system. 
[00127] The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 

V TTsP„<i and MethriHg nf the Invention 

[00128] The nucleic acid molecules, proteins, protein homologues, and antibodies 
described herein can be used in one or more of the following methods: (a) screening assays; 
(b) detection assays (e.g.. chromosomal mapping, tissue typing, forensic biology); (c) 
predictive medicine (e.g.. diagnostic assays, prognostic assays, monitoring chmcal tnals, 
and pharmacogenomics); and (d) methods of treatment (e.g.. therapeutic and prophylacuc). 
The isolated nucleic acid molecule of the invention can be used to express kinase protem 
(e g via a recombinant expression vector in a host cell in gene therapy applications), to 
detect kinase mRNA (e.g., in a biological sample) or a genetic lesion in a kinase gene, and to 
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modulate kinase activity. In addition, the kinase protein can be used to screen drugs or 
compounds that modulate cellular growth and/or metabolism as well as to treat disorders 
characterized by insufficient or excessive production of kinase protein or production of 
kinase protein forms that have decreased or aberrant activity compared to kinase wild type 
protein. In addition, the anti-kinase antibodies of the invention can be used to detect and 
isolate kinase proteins and modulate kinase activity. 

A. .Screening Assavs 
[00129] The invention provides a method (also referred to herein as a "screening 
assay") for identifying modulators, i.e., candidate or test compounds or agents (e.g., 
peptides, peptidomimetics, small molecules, or other drugs) that bind to the kinase proteins 
of the invention or have a stimulatory or inhibitory effect on, for example, kinase expression 
or kinase activity. 

[00130] The test compounds of the present invention can be obtained using any of the 
numerous approaches in combinatorial library methods known in the art, including 
biological libraries, spatially-addressable parallel solid phase or solution phase libraries, 
synthetic library methods requiring deconvolution, the "one-bead one-compound" library 
method, and synthetic library methods using affinity chromatography selection. The 
biological Hbrary approach is limited to peptide libraries, while the other four approaches 
are applicable to peptide, nonpeptide oligomer, or small molecule libraries of compounds 
(Lam (1997) Anticancer Drug Des. 12:145). 

[00131] Examples of methods for the synthesis of molecular libraries can be found in 
the art, for example in: DeWitt et al. (1993) Proc. Natl. Acad. Sci. USA 90:6909; Erb et al 
(1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. (1994). J. Med. Chem. 
37-2678; Cho et al. (1993) Science 261:1303; Carrell et al. (1994) Angew. Chem. Int. Ed. 
Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and Gallop et al. 
(1994)7. Med. Chem. 37:1233. 

[00132] Ubraries of compounds may be presented in solution (e.g., Houghten (1992) 
Bio/Techniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 
(1993) Nature 364:555-556), bacteria (U.S. Patent No. 5,223,409), spores (U.S. Patent Nos. 
5 571 698- 5,403,484; and 5,223,409), plasmids (Cull et al. (1992) Proc. Natl. Acad. Sci. 
USA 89:1865-1869), or phage (Scott and Smith (1990) Science 249:386-390; Devlin (1990) 
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Science 249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci. USA 87:6378-6382; and 
Felici (1991) J. Mol. Biol. 222:301-310). 

[00133] Detennining the ability of the test compound to bind to the kinase protein can 
be accomphshed, for example, by coupling the test compound with a radioisotope or 
enzymatic label such that binding of the test compound to the kinase protein or biologically 
active portion thereof can be determined by detecting the labeled compound in a complex. 
For example, test compounds can be labeled with '^I, ^S, ^C, or ^H, either directly or 
indirectly, and the radioisotope detected by direct counting of radioemmission or by 
scintillation counting. Alternatively, test compounds can be enzymatically labeled wuh, for 
example, horseradish peroxidase, alkaline phosphatase, or luciferase, and the enzymaUc 
label detected by determination of conversion of an appropriate substrate to product. 
[00134] In a similar manner, one may determine the ability of the kinase protem to 
bind to or interact with a kinase target molecule. By "target molecule" is intended a 
molecule with which a kinase protein binds or interacts in nature. In a preferred 
embodiment, the ability of the kinase protein to bind to or interact with a kinase target 
molecule can be determined by monitoring the activity of the target molecule. For example, 
the activity of the target molecule can be monitored by detecting induction of a cellular 
second messenger of the target (e.g., intracellular Ca^, diacylglycerol, IP3, etc.), detecting 
catalytic/enzymatic activity of the target on an appropriate substrate, detecting the induction 
of a reporter gene (e.g., a kinase-responsive regulatory element operably linked to a nucleic 
acid encoding a detectable marker, e.g., luciferase), or detecting a cellular response, for 
example, cellular growth, differentiation, or proliferation. 

[00135] In yet another embodiment, an assay of the present invention is a cell-free 
assay comprising contacting a kinase protein or biologically active portion thereof with a 
test compound and determining the ability of the test compound to bind to the kinase protem 
or biologically active portion thereof. Binding of the test compound to the kinase protem 
can be determined either direcUy or indirectly as described above. In a preferred 
embodiment, the assay includes contacting the kinase protein or biologically active portion 
thereof with a known compound that binds kinase protein to form an assay mixture, 
contacting the assay mixture with a test compound, and determining the ability of the test 
compound to preferentially bind to kinase protein or biologically active portion thereof as 
compared to the known compound. 
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[00136] In another embodiment, an assay is a cell-free assay comprising contacting 
kinase protein or biologically active portion thereof with a test compound and determining 
the ability of the test compound to modulate (e.g., stimulate or inhibit) the activity of the 
kinase protein or biologically active portion thereof. Determining the abihty of the test 
compound to modulate the activity of a kinase protein can be accomplished, for example, by 
determining the ability of the kinase protein to bind to a kinase target molecule as described 
above for determining direct binding. In an alternative embodiment, determining the abiUty 
of the test compound to modulate the activity of a kinase protein can be accomplished by 
determining the ability of the kinase protein to further modulate a kinase target molecule. 
For example, the catalytic/enzymatic activity of the target molecule on an appropriate 
substrate can be determined as previously described. 

[00137] In yet another embodiment, the cell-free assay comprises contacting the 
kinase protein or biologically active portion thereof with a known compound that binds a 
kinase protein to form an assay mixture, contacting the assay mixture with a test compound, 
and determining the ability of the test compound to preferentially bind to or modulate the 
activity of a kinase target molecule. 

[00138] In the above-mentioned assays, it may be desirable to immobilize either a 
kinase protein or its target molecule to facilitate separation of complexed from uncomplexed 
forms of one or both of the proteins, as well as to accommodate automation of the assay. In 
one embodiment, a fusion protein can be provided that adds a domain that allows one or 
both of the proteins to be bound to a matrix. For example, glutathione-S-ti-ansferase/kinase 
fusion proteins or glutathione-S-transferase/target fusion proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione-derivatized 
microtitte plates, which are then combined with the test compound or the test compound and 
either the nonadsorbed target protein or kinase protein, and the mixture incubated under 
conditions conducive to complex formation (e.g., at physiological conditions for salt and 
pH). Following incubation, tiie beads or microtiti^ plate wells are washed to remove any 
unbound components and complex formation is measured either directly or indirectiy, for 
example, as described above. Alternatively, the complexes can be dissociated from the 
matrix, and the level of kinase binding or activity determined using standard techniques. 
[00139] Other techniques for immobilizing proteins on matiices can also be used in 
the screening assays of the invention. For example, either kinase protein or its target 
molecule can be immobilized utilizing conjugation of biotin and streptavidin. Biotinylated 
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kinase molecules or target molecules can be prepared from biotin-NHS (N-hydroxy- 
succinimide) using techniques well known in the art (e.g., biotinylation kit. Pierce 
Chemicals, Rockford, IL), and inmiobilized in the wells of streptavidin-coated 96-well 
plates (Pierce Chemicals). Alternatively, antibodies reactive with a kinase protein or target 
molecules but which do not interfere with binding of the kinase protein to its target molecule 
can be derivatized to the wells of the plate, and unbound target or kinase protein trapped in 
the wells by antibody conjugation. Methods for detecting such complexes, in addition to 
those described above for the GST-immobilized complexes, include immunodetection of 
complexes using antibodies reactive with the kinase protein or target molecule,as well as 
enzyme-linked assays that rely on detecting an enzymatic activity associated with the kinase 
protein or target molecule. 

[00140] In another embodiment, modulators of kinase expression are identified in a 

method in which a cell is contacted with a candidate compound and the expression of kinase 
mRNA or protein in the cell is determined relative to expression of kinase mRNA or protein 
in a cell in the absence of the candidate compound. When expression is greater (statistically 
significantly greater) in the presence of the candidate compound than in its absence, the 
candidate compound is identified as a stimulator of kinase mRNA or protein expression. 
Alternatively, when expression is less (statistically significantly less) in the presence of the 
candidate compound than in its absence, the candidate compound is identified as an inhibitor 
of kinase mRNA or protein expression. The level of kinase mRNA or protein expression in 
the cells can be determined by methods described herein for detecting kinase mRNA or 
protein. 

[00141] In yet another aspect of the invention, the kinase proteins can be used as "bait 

proteins" in a two-hybrid assay or three-hybrid assay {see, e.g., U.S. Patent No. 5,283,317; 
Zervos et al (1993) Cell 72:223-232; Madura et al (1993) 7. Biol Chem, 268:12046-12054; 
Bartel et al (1993) Bio/Techniques 14:920-924; Iwabuchi et al (1993) Oncogene 8:1693- 
1696; and PCX PubUcation No. WO 94/10300), to identify other proteins, which bind to or 
interact with kinase protein ("kinase-binding proteins" or "kinase-bp") and modulate kinase 
activity. Such kinase-binding proteins are also likely to be involved in the propagation of 
signals by the kinase proteins as, for example, upstream or downstream elements of a 
signaling pathway. 

[00142] This invention further pertains to novel agents identified by the above- 

described screening assays and uses thereof for treatments as described herein. 
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B. Detection Assays 
[00143] Portions or fragments of the cDNA sequence identified herein (and the 
corresponding complete gene sequence) can be used in numerous ways as polynucleotide 
reagents. For example, the sequence can be used to: (1) map the respective gene on a 
chromosome; (2) identify an individual from a minute biological sample (tissue typing); and 
(3) aid in forensic identification of a biological sample. These applications are described in 
the subsections below. 



1. Chromosome Mapt>ing 
[00144] The isolated kinase cDNA sequence of the invention can be used to map the 

respective kinase gene on a chromosome, thereby facilitating the location of gene regions 
associated with genetic disease. Computer analysis of the kinase sequence can be used to 
rapidly select PCR primers (preferably 15-25 bp in length) that do not span more than one 
exon in the genomic DNA, thereby simplifying the amplification process. These primers 
can then be used for PCR screening of somatic ceU hybrids containing individual human 
chromosomes. Only those hybrids containing the human gene corresponding to the kinase 
sequence of the invention will yield an amplified fragment. 

[00145] Somatic cell hybrids are prepared by fusing somatic cells firom different 
mammals (e.g., human and mouse cells). As hybrids of human and mouse cells grow and 
divide, they gradually lose human chromosomes in random order, but retain the mouse 
chromosomes. By using media in which mouse cells cannot grow (because they lack a 
particular enzyme), but in which human cells can, the one human chromosome that contains 
the gene encoding the needed enzyme will be retained. By using various media, panels of 
hybrid cell lines can be established. Each cell line in a panel contains either a single human 
chromosome or a small number of human chromosomes, and a full set of mouse 
chromosomes, allowing easy mapping of individual genes to specific human chromosomes 
(DEustachio et al. (1983) Science 220:919-924). Somatic cell hybrids containing only 
fragments of human chromosomes can also be produced by using human chromosomes with 
translocations and deletions. 

[00146] Other mapping strategies that can similarly be used to map a kinase sequence 
to its chromosome include in situ hybridization (described in Fan et al. (1990) Proc. Natl. 
Acad. Sci. USA 87:6223-27), pie-screening with labeled flow-sorted chromosomes, and pre- 
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selection by hybridization to chromosome specific cDNA libraries. Furthermore, 
fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase chromosomal 
spread can be used to provide a precise chromosomal location in one step. For a review of 
this technique, see Verma et al. (1988) Human Chromosomes: A Manual of Basic 
Techniques (Pergamon Press, NY). The FISH technique can be used with a DNA sequence 
as short as 500 or 600 bases. However, clones larger than 1,000 bases have a higher 
likelihood of binding to a unique chromosomal location with sufficient signal intensity for 
simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will suffice to 
get good results in a reasonable amount of time. 

[00147] Reagents for chromosome mapping can be used individually to mark a single 
chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to noncoding 
regions of the genes actually are preferred for mapping purposes. Coding sequences are 
more likely to be conserved within gene families, thus increasing the chance of cross 
hybridizations during chromosomal mapping. 

[00148] Another sti-ategy to map the chromosomal location of kinase genes uses 
kinase polypeptides and fragments and sequences of the present invention and antibodies 
specific thereto. This mapping can be earned out by specifically detecting the presence of a 
kinase polypeptide in members of a panel of somatic cell hybrids between cells of a first 
species of animal from which the protein originates and cells from a second species of 
animal, and then determining which somatic cell hybrid(s) expresses the polypeptide and 
noting the chromosomes (s) from the first species of animal that it contains. For examples of 
this technique, see Pajunen et al. (1988) Cytogenet. Cell. Genet. 47:37-41 and Van Keuren 
et at. (1986) Hum. Genet. 74:34-40. Alternatively, the presence of a kinase polypeptide in 
the somatic cell hybrids can be determined by assaying an activity or property of the 
polypeptide, for example, enzymatic activity, as described in Bordelon-Riser et al. (1979) 
Somatic Cell Genetics 5:597-613 and Owerbach et al. (1978) Proc. Natl. Acad. Set. USA 
75:5640-5644. 

[00149] Once a sequence has been mapped to a precise chromosomal location, tiie 
physical position of the sequence on the chromosome can be correlated with genetic map 
data. (Such data are found, for example, in V. McKusick, Mendelian Inheritance in Man, 
available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between genes and disease, mapped to the same chromosomal region, can then 



-49- 



Attorney Docket No. MPI00-268DV1M 



be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, e.g., Egeland et al. (1987) Nature 325:783-787. 

[00150] Moreover, differences in the DNA sequences between individuals affected 
and unaffected with a disease associated with the kinase gene can be determined. If a 
mutation is observed in some or all of the affected individuals but not in any unaffected 
individuals, then the mutation is likely to be the causative agent of the particular disease. 
Comparison of affected and unaffected individuals generally involves first looking for 
structural alterations in the chromosomes such as deletions or translocations that are visible 
from chromosome spreads or detectable using PGR based on that DNA sequence. 
Ultimately, complete sequencing of genes from several individuals can be performed to 
confirm the presence of a mutation and to distinguish mutations from polymorphisms. 

2. Tissue Typing 

[00151] The kinase sequences of the present invention can also be used to identify 
individuals from minute biological samples. The United States miUtary, for example, is 
considering the use of restriction fragment length polymorphism (RFLP) for identification of 
its personnel. In this technique, an individual's genomic DNA is digested with one or more 
restriction enzymes and probed on a Southern blot to yield unique bands for identification. 
The nucleotide sequence of the present invention is usefiil as an additional DNA marker for 
RFLP (described in U.S. Patent 5,272,057). 

[00152] Furthermore, the sequences of the present invention can be used to provide an 
alternative technique for determining the actual base-by-base DNA sequence of selected 
portions of an individual's genome. Thus, the kinase sequence of the invention can be used 
to prepare two PGR primers from the 5' and 3' ends of the sequence. These primers can then 
be used to amplify an individual's DNA and subsequentiy sequence it. 
[00153] Panels of corresponding DNA sequences from individuals, prepared in this 
manner, can provide unique individual identifications, as each individual will have a unique 
set of such DNA sequences due to allelic differences. The kinase sequences of the invention 
uniquely represent portions of the human genome. Allelic variation occurs to some degree 
in the coding regions of these sequences, and to a greater degree in the noncoding regions. 
It is estimated that allelic variation between individual humans occurs with a frequency of 
about once per each 500 bases. The sequence described herein can, to some degree, be used 
as a standard against which DNA from an individual can be compared for identification 
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purposes. The noncoding sequences of SEQ ID NO:l can comfortably provide positive 
individual identification with a panel of perhaps 10 to 1,000 primers that each yield a 
noncoding amplifled sequence of 100 bases. If predicted coding sequences, such as those in 
SEQ ID NO:l are used, a more appropriate number of primers for positive individual 
identification would be 500 to 2,000. 

3. Use of Partial Kinase Sequences in Forensic Biology 
[00154] DNA-based identification techniques can also be used in forensic biology. In 

this manner, PGR technology can be used to amplify DNA sequences taken from very small 
biological samples such as tissues, e.g., hair, skin, or body fluids, e.g., blood, saliva, or 
semen found at a crime scene. The amplified sequence can then be compared to a standard, 
thereby allowing identification of the origin of the biological sample. 

[00155] The sequences of the present invention can be used to provide polynucleotide 
reagents, e.g., PGR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" that is unique to a particular individual. As mentioned 
above, actual base sequence information can be used for identification as an accurate 
alternative to pattems formed by restriction enzyme generated fragments. Sequences 
targeted to noncoding regions of SEQ ID NO:l are particularly appropriate for this use as 
greater numbers of polymorphisms occur in the noncoding regions making it easier to 
differentiate individuals using this technique. An example of such useful polynucleotide 
reagents includes the kinase sequence or portions or fragments thereof, derived from the 
noncoding regions of SEQ ID NO:l having a length of at least 20 or 30 bases. 
[00156] The kinase sequences described herein can further be used to provide 

polynucleotide reagents, e.g., labeled or labelable probes that can be used in, for example, an 
in situ hybridization technique, to identify a specific tissue. This can be very useful in cases 
where a forensic pathologist is presented with a tissue of unknown origin. Panels of such 
kinase probes, can be used to identify tissue by species and/or by organ type. 
[00157] In a similar fashion, these reagents, e.g., kinase primers or probes can be used 
to screen tissue culture for contamination (i.e., screen for the presence of a mixture of 
different types of cells in a culture). 

G. Predictive Medicine 



-51- 



Attorney Docket No. MPI00-268DV1M 



[00158] The present invention also pertains to the field of predictive medicine in 
which diagnostic assays, prognostic assays, pharmacogenomics, and monitoring clinical 
trails are used for prognostic (predictive) purposes to thereby treat an individual 
prophylactically. These applications are described in the subsections below. 

1. Dia|gnostic Assavs 
[00159] One aspect of the present invention relates to diagnostic assays for detecting 

kinase protein and/or nucleic acid expression as well as kinase activity, in the context of a 
biological sample. An exemplary method for detecting the presence or absence of kinase 
protein of the invention in a biological sample involves obtaining a biological sample from a 
test subject and contacting the biological sample with a compound or an agent capable of 
detecting kinase protein or nucleic acid (e.g., mRNA, genomic DNA) that encodes kinase 
protein of the invention such that the presence of kinase protein is detected in the biological 
sample. Results obtained with a biological sample from the test subject may be compared to 
results obtained with a biological sample from a control subject. 

[00160] One agent for detecting kinase mRNA or genomic DNA is a labeled nucleic 

acid probe capable of hybridizing to kinase mRNA or genomic DNA of the invention. The 
nucleic acid probe can be, for example, a full-length or partial kinase nucleic acid, such as 
the nucleic acid of SEQ ID NO: 1, or a portion thereof, such as a nucleic acid molecule of at 
least 15, 30, 50, 100, 250, or 500 nucleotides in length and sufficient to specifically 
hybridize under stringent conditions to kinase mRNA or genomic DNA of the invention. 
Other suitable probes for use in the diagnostic assays of the invention are described herein. 
[00161] A preferred agent for detecting kinase protein is an antibody capable of 

binding to kinase protein of the invention, preferably an antibody with a detectable label. 
Antibodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or a 
fragment thereof (e.g.. Fab or F(ab)'2 )can be used. The term "labeled", with regard to the 
probe or antibody, is intended to encompass direct labeling of the probe or antibody by 
coupling (i.e., physically linking) a detectable substance to the probe or antibody, as well as 
indirect labeling of the probe or antibody by reactivity with another reagent that is directly 
labeled. Examples of indirect labeling include detection of a primary antibody using a 
fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin such 
that it can be detected with fluorescently labeled streptavidin. 
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[00162] The term "biological sample" is intended to include tissues, cells, and 
biological fluids isolated from a subject, as well as tissues, cells, and fluids present within a 
subject. That is, the detection method of the invention can be used to detect kinase mRNA, 
protein, or genomic DNA in a biological sample in vitro as well as in vivo. For example, in 
vitro techniques for detection of kinase mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of kinase protein include enzyme linked 
immunosorbent assays (ELISAs), Western blots, inmiunoprecipitations, and 
immunofluorescence. In vitro techniques for detection of kinase genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of kinase protein 
include introducing into a subject a labeled anti-kinase antibody. For example, the antibody 
can be labeled with a radioactive marker whose presence and location in a subject can be 
detected by standard imaging techniques. 

[00163] In one embodiment, the biological sample contains protein molecules from 
the test subject. Alternatively, the biological sample can contain mRNA molecules from the 
test subject or genomic DNA molecules from the test subject. Biological samples may be 
obtained from blood, serum, cells, or tissue of a subject. 

[00164] The invention also encompasses kits for detecting the presence of kinase 
proteins in a biological sample (a test sample). Such kits can be used to determine if a 
subject is suffering from or is at increased risk of developing a disorder associated with 
aberrant expression of kinase protein. For example, the kit can comprise a labeled 
compound or agent capable of detecting kinase protein or mRNA in a biological sample and 
means for determining the amount of a kinase protein in the sample (e.g., an anti -kinase 
antibody such as an anti-hl4189 kinase antibody or an oligonucleotide probe that binds to 
DNA encoding a kinase protein of the invention such as SEQ ID NO:l). Kits can also 
include instructions for observing that the tested subject is suffering from or is at risk of 
developing a disorder associated with aberrant expression of kinase sequences of the 
invention if the amount of kinase protein or mRNA is above or below a normal level. 
[00165] For antibody-based kits, the kit can comprise, for example: (1) a first 
antibody (e.g., attached to a solid support) that binds to the kinase protein of the invention; 
and, optionally, (2) a second, different antibody that binds to kinase protein of the invention 
or the first antibody and is conjugated to a detectable agent. For oligonucleotide-based kits, 
the kit can comprise, for example: (1) an oligonucleotide, e.g., a detectably labeled 
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oligonucleotide, that hybridizes to a kinase nucleic acid sequence of the invention or (2) a 
pair of primers useful for amplifying a kinase nucleic acid molecule of the invention. 
[00166] The kit can also comprise, e.g., a buffering agent, a preservative, or a protein 
stabilizing agent. The kit can also comprise components necessary for detecting the 
detectable agent (e.g., an enzyme or a substrate). The kit can also contain a control sample 
or a series of control samples that can be assayed and compared to the test sample contained. 
Each component of the kit is usually enclosed within an individual container, and all of the 
various containers are within a single package along with instructions for observing whether 
the tested subject is suffering from or is at risk of developing a disorder associated with 
aberrant expression of kinase proteins of the invention. 

2. Other Diagnostic Assays 
[00167] In another aspect, the invention features a method of analyzing a plurality of 
capture probes. The method can be used, e.g., to analyze gene expression. The method 
includes: providing a two dimensional array having a plurality of addresses, each address of 
the plurality being positionally distinguishable from each other address of the plurality, and 
each address of the plurality having a unique capture probe, e.g., a nucleic acid or peptide 
sequence; contacting the array with a kinase nucleic acid, preferably purified, polypeptide, 
preferably purified, or antibody, and thereby evaluating the plurality of capture probes. 
Binding, e.g., in the case of a nucleic acid, hybridization, with a capture probe at an address 
of the plurality, is detected, e.g., by signal generated from a label attached to the kinase 
nucleic acid, polypeptide, or antibody. The capture probes can be a set of nucleic acids from 
a selected sample, e.g., a sample of nucleic acids derived from a control or non-stimulated 
tissue or cell. 

[00168] The method can include contacting the kinase nucleic acid, polypeptide, or 

antibody with a first array having a plurality of capture probes and a second array having a 
different plurality of capture probes. The results of each hybridization can be compared, 
e.g., to analyze differences in expression between a first and second sample. The first 
plurality of capture probes can be from a control sample, e.g., a wild type, normal, or non- 
diseased, non-stimulated, sample, e.g., a biological fluid, tissue, or cell sample. The second 
plurality of capture probes can be from an experimental sample, e.g., a mutant type, at risk, 
disease-state or disorder-state, or stimulated, sample, e.g., a biological fluid, tissue, or cell 
sample. 
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[00169] The plurality of capture probes can be a plurality of nucleic acid probes each 
of which specifically hybridizes, with an allele of a kinase sequence of the invention. Such 
methods can be used to diagnose a subject, e.g., to evaluate risk for a disease or disorder, to 
evaluate suitability of a selected treatment for a subject, to evaluate whether a subject has a 
disease or disorder. 

[00170] The method can be used to detect single nucleotide polymorphisms (SNPs), 
as described below. 

[00171] In another aspect, the invention features a method of analyzing a plurality of 

probes. The method is useful, e.g., for analyzing gene expression. The method includes: 
providing a two dimensional array having a plurality of addresses, each address of the 
plurality being positionally distinguishable from each other address of the plurality having a 
unique capture probe, e.g., wherein the capture probes are from a cell or subject which 
express a kinase polypeptide of the invention or from a cell or subject in which a kinase- 
mediated response has been elicited, e.g., by contact of the cell with a kinase nucleic acid or 
protein of the invention, or administration to the cell or subject a kinase nucleic acid or 
protein of the invention; contacting the array with one or more inquiry probes, wherein an 
inquiry probe can be a nucleic acid, polypeptide, or antibody (which is preferably other than 
a kinase nucleic acid, polypeptide, or antibody of the invention); providing a two 
dimensional array having a plurality of addresses, each address of the plurality being 
positionally distinguishable from each other address of the plurality, and each address of the 
plurality having a unique capture probe, e.g., wherein the capture probes are from a cell or 
subject which does not express a kinase sequence of the invention (or does not express as 
highly as in the case of the kinase positive plurality of capture probes) or from a cell or 
subject in which a kinase-mediated response has not been elicited (or has been elicited to a 
lesser extent than in the first sample); contacting the array with one or more inquiry probes 
(which is preferably other than a kinase nucleic acid, polypeptide, or antibody of the 
invention), and thereby evaluating the plurality of capture probes. Binding (e.g., in the case 
of a nucleic acid, hybridization) with a capture probe at an address of the plurality, is 
detected, e.g., by a signal generated from a label attached to the nucleic acid, polypeptide, or 
antibody. 

[00172] In another aspect, the invention features a method of analyzing a kinase 

sequence of the invention, e.g., analyzing structure, function, or relatedness to other nucleic 
acid or amino acid sequences. The method includes: providing a kinase nucleic acid or 
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amino acid sequence, e.g., the 14189 sequence set forth in SEQ ID NO:l or SEQ ID NO:2 
or a portion thereof; comparing the kinase sequence with one or more preferably a plurality 
of sequences from a collection of sequences, e.g., a nucleic acid or protein sequence 
database; to thereby analyze the kinase sequence of the invention. 

[00173] The method can include evaluating the sequence identity between a kinase 
sequence of the invention, e.g., the 14189 sequence, and a database sequence. The method 
can be performed by accessing the database at a second site, e.g., over the internet. 
[00174] In another aspect, the invention features, a set of oligonucleotides, useful, 

e.g., for identifying SNP's, or identifying specific alleles of a kinase sequence of the 
invention, e.g., the 14189 sequence. The set includes a plurality of oligonucleotides, each of 
which has a different nucleotide at an interrogation position, e.g., an SNP or the site of a 
mutation. In a preferred embodiment, the oligonucleotides of the plurality identical in 
sequence with one another (except for differences in length). The oligonucleotides can be 
provided with differential labels, such that an oligonucleotides which hybridizes to one 
allele provides a signal that is distinguishable from an oligonucleotides which hybridizes to 
a second allele. 

3. Prognostic Assays 
[00175] The methods described herein can furthermore be utilized as diagnostic or 
prognostic assays to identify subjects having or at risk of developing a disease or disorder 
associated with kinase protein, kinase nucleic acid expression, or kinase activity of the 
invention. Prognostic assays can be used for prognostic or predictive purposes to thereby 
prophylactically treat an individual prior to the onset of a disorder characterized by or 
associated with kinase protein, kinase nucleic acid expression, or kinase activity of the 
invention. 

[00176] Thus, the present invention provides a method in which a test sample is 

obtained from a subject, and kinase protein or nucleic acid of the invention (e.g., mRNA, 
genomic DNA) is detected, wherein the presence of kinase protein or nucleic acid is 
diagnostic for a subject having or at risk of developing a disease or disorder associated with 
aberrant kinase expression or activity. As used herein, a "test sample" refers to a biological 
sample obtained from a subject of interest. For example, a test sample can be a biological 
fluid cell sample, or tissue. 

[00177] Furthermore, using the prognostic assays described herein, the present 
invention provides methods for determining whether a subject can be administered a specific 
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agent (e.g., an agonist, antagonist, peptidomimetic, protein, peptide, nucleic acid, small 
molecule, or other drug candidate) or class of agents (e.g., agents of a type that decrease 
kinase activity) to effectively treat a disease or disorder associated with aberrant kinase 
expression or activity. In this manner, a test sample is obtained and kinase protein or 
nucleic acid is detected. The presence of kinase protein or nucleic acid of the invention is 
diagnostic for a subject that can be administered the agent to treat a disorder associated with 
aberrant kinase expression or activity. 

[00178] The methods of the invention can also be used to detect genetic lesions or 

mutations in a kinase gene of the invention, thereby determining if a subject with the 
lesioned gene is at risk for a disorder characterized by aberrant cell proliferation and/or 
differentiation. In preferred embodiments, the methods include detecting, in a sample of 
cells from the subject, the presence or absence of a genetic lesion or mutation characterized 
by at least one of an alteration affecting the integrity of a gene encoding a kinase-protein, or 
the misexpression of the kinase gene of the invention. For example, such genetic lesions or 
mutations can be detected by ascertaining the existence of at least one of: (1) a deletion of 
one or more nucleotides from a kinase gene; (2) an addition of one or more nucleotides to a 
kinase gene; (3) a substitution of one or more nucleotides of a kinase gene; (4) a 
chromosomal rearrangement of a kinase gene; (5) an alteration in the level of a messenger 
RNA transcript of a kinase gene; (6) an aberrant modification of a kinase gene, such as of 
the methylation pattern of the genomic DNA; (7) the presence of a non-wild-type splicing 
pattern of a messenger RNA transcript of a kinase gene; (8) a non-wild-type level of a 
kinase-protein; (9) an allelic loss of a kinase gene; and (10) an inappropriate post- 
translational modification of a kinase-protein. As described herein, there are a large number 
of assay techniques known in the art that can be used for detecting lesions in a kinase gene. 
Any cell type or tissue in which kinase proteins are expressed may be utilized in the 
prognostic assays described herein. 

[00179] In certain embodiments, detection of the lesion involves the use of a 
probe/primer in a polymerase chain reaction (PGR) {see^ e.g., U.S. Patent Nos. 4,683,195 
and 4,683,202), such as anchor PGR or RAGE PGR, or, alternatively, in a ligation chain 
reaction (LGR) {see, e.g., Landegran et ah (1988) Science 241:1077-1080; and Nakazawa et 
al (1994) Proc, Natl Acad, ScL USA 91:360-364), the latter of which can be particularly 
useful for detecting point mutations in the kinase-gene (see, e.g., Abravaya et al (1995) 
Nucleic Acids Res. 23:675-682). It is anticipated that PGR and/or LGR may be desirable to 
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use as a preliminary amplification step in conjunction with any of the techniques used for 
detecting mutations described herein. 

[00180] Alternative amplification methods include self sustained sequence replication 
(Guatelli etal. (1990) Proc, Natl Acad, ScL USA 87:1874-1878), transcriptional 
amplification system (Kwoh etal. (1989) Proc, Natl Acad. Sci, USA 86:1173-1177), Q-Beta 
Replicase (Lizardi etal. (1988) Bio/Technology 6:1197), or any other nucleic acid 
amplification method, followed by the detection of the amplified molecules using techniques 
well known to those of skill in the art. These detection schemes are especially useful for the 
detection of nucleic acid molecules if such molecules are present in very low numbers. 
[00181] In an alternative embodiment, mutations in a kinase gene from a sample cell 

can be identified by alterations in restriction enzyme cleavage patterns of isolated test 
sample and control DNA digested with one or more restriction endonucleases. Moreover, 
the use of sequence specific ribozymes (see, e.g., U.S. Patent No. 5,498,531) can be used to 
score for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 

[00182] In other embodiments, genetic mutations in a kinase molecule can be 

identified by hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high 
density arrays containing hundreds or thousands of oligonucleotides probes (Cronin et al. 
(1996) Human Mutation 7:244-255; Kozal et al. (1996) Nature Medicine 2:753-759). In yet 
another embodiment, any of a variety of sequencing reactions known in the art can be used 
to directly sequence the kinase gene and detect mutations by comparing the sequence of the 
sample kinase gene with the corresponding wild-type (control) sequence. Examples of 
sequencing reactions include those based on techniques developed by Maxim and Gilbert 
((1977) Proc, Natl Acad, Sci, USA 74:560) or Sanger ((1977) Proc. Natl Acad. Scl USA 
74:5463). It is also contemplated that any of a variety of automated sequencing procedures 
can be utilized when performing the diagnostic assays ((1995) Bio/Techniques 19:448), 
including sequencing by mass spectrometry {see, e.g., PCX Publication No. WO 94/16101; 
Cohen etal {1996) Adv. Chromatogr. 36:127-162; and Griffin etal (1993) AppZ. Biochem. 
Biotechnol 38:147-159). 

[00183] Other methods for detecting mutations in the kinase gene include methods in 

which protection from cleavage agents is used to detect mismatched bases in RNA/RNA or 
RNA/DNA heteroduplexes (Myers et al (1985) Science 230:1242). See, also Cotton et al 
(1988) Proc. Natl Acad. ScL USA 85:4397; Saleeba et al (1992) Methods Enzymol 
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217:286-295. In a preferred embodiment, the control DNA or RNA can be labeled for 
detection. 

[00184] In still another embodiment, the mismatch cleavage reaction employs one or 
more "DNA mismatch repair" enzymes that recognize mismatched base pairs in double- 
stranded DNA in defined systems for detecting and mapping point mutations in kinase 
cDNAs obtained from samples of cells. See^ e.g., Hsu et aL (1994) Carcinogenesis 
15:1657-1662. According to an exemplary embodiment, a probe based on a kinase 
sequence, e.g., a wild-type kinase sequence, is hybridized to a cDNA or other DNA product 
from a test cell(s). The duplex is treated with a DNA mismatch repair enzyme, and the 
cleavage products, if any, can be detected from electrophoresis protocols or the like. See, 
e.g., U.S. Patent No. 5,459,039, 

[00185] In other embodiments, alterations in electrophoretic mobility will be used to 

identify mutations in kinase genes. For example, single-strand conformation polymorphism 
(SSCP) may be used to detect differences in electrophoretic mobility between mutant and 
wild-type nucleic acids (Orita et aL (1989) Proc. Natl Acad. Sci, USA 86:2766; see also 
Cotton (1993) Mutat Res. 285:125-144; Hayashi (1992) Genet, Anal. Tech. Appl. 9:73-79). 
The sensitivity of the assay may be enhanced by using RNA (rather than DNA), in which the 
secondary structure is more sensitive to a change in sequence. In another embodiment, the 
subject method utilizes heteroduplex analysis to separate double-stranded heteroduplex 
molecules on the basis of changes in electrophoretic mobility (Keen et aL (1991) Trends 
Genet. 7:5). 

[00186] In yet another embodiment, the movement of mutant or wild-type fragments 

in polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 
gradient gel electrophoresis (DGGE) (Myers et aL (1985) Nature 313:495). When DGGE is 
used as the method of analysis, DNA will be modified to insure that it does not completely 
denature, for example by adding a GC clamp of approximately 40 bp of high-melting GC- 
rich DNA by PGR. In a further embodiment, a temperature gradient is used in place of a 
denaturing gradient to identify differences in the mobility of control and sample DNA 
(Rosenbaum and Reissner (1987) Biophys. Chem. 265:12753). 

[00187] Examples of other techniques for detecting point mutations include, but are 
not limited to, selective oligonucleotide hybridization, selective amplification, or selective 
primer extension. For example, oligonucleotide primers may be prepared in which the 
known mutation is placed centrally and then hybridized to target DNA under conditions that 
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permit hybridization only if a perfect match is found (Saiki et aL (1986) Nature 324:163); 
Saiki et al (1989) Proc, Natl Acad. Set USA 86:6230). Such allele-specific 
oligonucleotides are hybridized to PCR-amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

[00188] Alternatively, allele-specific amplification technology, which depends on 
selective PGR amplification, may be used in conjunction with the instant invention. 
Oligonucleotides used as primers for specific amplification may carry the mutation of 
interest in the center of the molecule so that amplification depends on differential 
hybridization (Gibbs et al (1989) Nucleic Acids Res, 17:2437-2448) or at the extreme 3' end 
of one primer where, under appropriate conditions, mismatch can prevent or reduce 
polymerase extension (Prossner (1993) Tibtech 11:238). In addition, it may be desirable to 
introduce a novel restriction site in the region of the mutation to create cleavage-based 
detection (Gasparini et al (1992) Mol Cell Probes 6:1). It is anticipated that in certain 
embodiments amplification may also be performed using Taq ligase for amplification 
(Barany (1991) Proc, Natl Acad. Set USA 88:189). In such cases, ligation will occur only 
if there is a perfect match at the 3' end of the 5' sequence making it possible to detect the 
presence of a known mutation at a specific site by looking for the presence or absence of 
amplification. 

[00189] The methods described herein may be performed, for example, by utilizing 
prepackaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
described herein, which may be conveniently used, e.g., in clinical settings to 
diagnose patients exhibiting symptoms or family history of a disease or illness involving a 
kinase gene. 

4. Pharmacogenomics 
[00190] Agents or modulators that have a stimulatory or inhibitory effect on kinase 

activity (e.g., kinase gene expression) as identified by a screening assay described herein, 
can be administered to individuals to treat (prophylactically or therapeutically) disorders 
associated with aberrant kinase activity as well as to modulate the cellular growth, 
differentiation and/or metabolism. In conjunction with such treatment, the 
pharmacogenomics (i.e., the study of the relationship between an individual's genotype and 
that individual's response to a foreign compound or drug) of the individual may be 
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considered. Differences in metabolism of therapeutics can lead to severe toxicity or 
therapeutic failure by altering the relation between dose and blood concentration of the 
pharmacologically active drug. Thus, the pharmacogenomics of the individual permits the 
selection of effective agents (e.g., drugs) for prophylactic or therapeutic treatments based on 
a consideration of the individual's genotype. Such pharmacogenomics can further be used to 
determine appropriate dosages and therapeutic regimens. Accordingly, the activity of kinase 
protein, expression of kinase nucleic acid, or mutation content of kinase genes in an 
individual can be determined to thereby select appropriate agent(s) for therapeutic or 
prophylactic treatment of the individual. 

[00191] Pharmacogenomics deals with clinically significant hereditary variations in 

the response to drugs due to altered drug disposition and abnormal action in affected 
persons. See^ e.g., Linder (1997) Clin. Chem. 43(2):254-266. In general, two types of 
pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a single 
factor altering the way drugs act on the body are referred to as "altered dmg action." 
Genetic conditions transmitted as single factors altering the way the body acts on drugs are 
referred to as "altered drug metabolism". These pharmacogenetic conditions can occur 
either as rare defects or as polymorphisms. For example, glucose-6-phosphate 
dehydrogenase deficiency (G6PD) is a common inherited enzymopathy in which the main 
clinical complication is haemolysis after ingestion of oxidant drugs (antimalarials, 
sulfonamides, analgesics, nitrofurans) and consumption of fava beans. 
[00192] One pharmacogenomics approach to identifying genes that predict drug 

response, known as "a genome-wide association", relies primarily on a high-resolution map 
of the human genome consisting of already known gene-related markers (e.g., a "bi-allelic" 
gene marker map which consists of 60,000-100,000 polymorphic or variable sites on the 
human genome, each of which has two variants.) Such a high-resolution genetic map can be 
compared to a map of the genome of each of a statistically significant number of patients 
taking part in a Phase II/III drug trial to identify markers associated with a particular 
observed drug response or side effect. Alternatively, such a high resolution map can be 
generated from a combination of some ten-million known single nucleotide polymorphisms 
(SNPs) in the human genome. As used herein, an "SNP" is a common alteration that occurs 
in a single nucleotide base in a stretch of DNA. For example, a SNP may occur once per 
every 1000 bases of DNA. A SNP may be involved in a disease process, however, the vast 
majority may not be disease-associated. Given a genetic map based on the occurrence of 
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such SNPs, individuals can be grouped into genetic categories depending on a particular 
pattern of SNPs in their individual genome. In such a manner, treatment regimens can be 
tailored to groups of genetically similar individuals, taking into account traits that may be 
conmion among such genetically similar individuals. 

[00193] Alternatively, a method termed the "candidate gene approach", can be 
utilized to identify genes that predict drug response. According to this method, if a gene 
that encodes a drug's target is known (e.g., a kinase protein of the present invention), all 
common variants of that gene can be fairly easily identified in the population and it can be 
determined if having one version of the gene versus another is associated with a particular 
drug response. 

[00194] Alternatively, a method termed the "gene expression profiling", can be 

utilized to identify genes that predict drug response. For example, the gene expression of an 
animal dosed with a drug (e.g., a kinase molecule or kinase modulator of the present 
invention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

[00195] Information generated from more than one of the above pharmacogenomics 

approaches can be used to determine appropriate dosage and treatment regimens for 
prophylactic or therapeutic treatment of an individual. This knowledge, when applied to 
dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus enhance 
therapeutic or prophylactic efficiency when treating a subject with a kinase molecule or 
kinase modulator of the invention, such as a modulator identified by one of the exemplary 
screening assays described herein. 

[00196] The present invention further provides methods for identifying new agents, or 

combinations, that are based on identifying agents that modulate the activity of one or more 
of the gene products encoded by one or more of the kinase genes of the present invention, 
wherein these products may be associated with resistance of the cells to a therapeutic agent. 
Specifically, the activity of the proteins encoded by the kinase genes of the present invention 
can be used as a basis for identifying agents for overcoming agent resistance. By blocking 
the activity of one or more of the resistance proteins, target cells, will become sensitive to 
treatment with an agent that the unmodified target cells were resistant to. 
[00197] Monitoring the influence of agents (e.g., drugs) on the expression or activity 

of a kinase protein can be applied in clinical trials. For example, the effectiveness of an 
agent determined by a screening assay as described herein to increase kinase gene 
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expression, protein levels, or up-regulate kinase activity, can be monitored in clinical trials 
of subjects exhibiting decreased kinase gene expression, protein levels, or down-regulated 
kinase activity. Alternatively, the effectiveness of an agent determined by a screening assay 
to decrease kinase gene expression, protein levels, or down-regulate kinase activity, can be 
monitored in clinical trials of subjects exhibiting increased kinase gene expression, protein 
levels, or up-regulated kinase activity. In such clinical trials, the expression or activity of a 
kinase gene, and preferably, other genes that have been implicated in, for example, a kinase- 
associated disorder can be used as a "read out" or markers of the phenotype of a particular 
cell. 

[00198] As an illustrative embodiment, the activity of drug metabolizing enzymes is a 

major determinant of both the intensity and duration of drug action. The discovery of 
genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyl transferase 2 (NAT 2) 
and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation as to 
why some patients do not obtain the expected drug effects or show exaggerated drug 
response and serious toxicity after taking the standard and safe dose of a drug. These 
polymorphisms are expressed in two phenotypes in the population, the extensive 
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for CYP2D6 is highly polymorphic and 
several mutations have been identified in PM, which all lead to the absence of functional 
CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite frequently experience 
exaggerated drug response and side effects when they receive standard doses. If a 
metabolite is the active therapeutic moiety, a PM will show no therapeutic response, as 
demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed metabolite 
morphine. The other extreme are the so called ultra-rapid metabolizers who do not respond 
to standard doses. Recently, the molecular basis of ultra-rapid metabolism has been 
identified to be due to CYP2D6 gene amplification. 

[00199] Thus, the activity of kinase protein, expression of kinase nucleic acid, or 

mutation content of kinase genes in an individual can be determined to thereby select 
appropriate agent(s) for therapeutic or prophylactic treatment of the individual. In addition, 
pharmacogenetic studies can be used to apply genotyping of polymorphic alleles encoding 
drug-metabolizing enzymes to the identification of an individual's drug responsiveness 
phenotype. This knowledge, when applied to dosing or drug selection, can avoid adverse 
reactions or therapeutic failure and thus enhance therapeutic or prophylactic efficiency when 
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treating a subject with a kinase modulator, such as a modulator identified by one of the 
screening assays described herein. 

5. Monitoring of Effects During Clinical Trials 
[00200] Monitoring the influence of agents (e.g., drugs, compounds) on the 
expression or activity of kinase genes (e.g., the ability to modulate aberrant cell proliferation 
and/or differentiation) can be applied not only in basic drug screening but also in clinical 
trials. For example, the effectiveness of an agent, as determined by a screening assay as 
described herein, to increase or decrease kinase gene expression, protein levels, or protein 
activity, can be monitored in clinical trials of subjects exhibiting decreased or increased 
kinase gene expression, protein levels, or protein activity. In such clinical trials, kinase 
expression or activity and preferably that of other genes that have been implicated in for 
example, a cellular proliferation disorder, can be used as a marker of cellular growth and 
differentiation. 

[00201] For example, and not by way of limitation, genes that are modulated in cells 
by treatment with an agent (e.g., compound, drug, or small molecule) that modulates kinase 
activity (e.g., as identified in a screening assay described herein) can be identified. Thus, to 
study the effect of agents on cellular proliferation disorders, for example, in a clinical trial, 
cells can be isolated and RNA prepared and analyzed for the levels of expression of kinase 
genes and other genes implicated in the disorder. The levels of gene expression (i.e., a gene 
expression pattern) can be quantified by Northern blot analysis or RT-PCR, as described 
herein, or alternatively by measuring the amount of protein produced, by one of the methods 
as described herein, or by measuring the levels of activity of kinase genes or other genes. In 
this way, the gene expression pattern can serve as a marker, indicative of the physiological 
response of the cells to the agent. Accordingly, this response state may be determined 
before, and at various points during, treatment of the individual with the agent. 
[00202] In a preferred embodiment, the present invention provides a method for 
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist, 
antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug 
candidate identified by the screening assays described herein) comprising the steps of (1) 
obtaining a preadministration sample from a subject prior to administration of the agent; (2) 
detecting the level of expression of a kinase protein, mRNA, or genomic DNA in the 
preadministration sample; (3) obtaining one or more postadministration samples from the 
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subject; (4) detecting the level of expression or activity of the kinase protein, mRNA, or 
genomic DNA in the postadnunistration samples; (5) comparing the level of expression or 
activity of the kinase protein, mRNA, or genomic DNA in the preadministration sample with 
the kinase protein, mRNA, or genomic DNA in the postadministration sample or samples; 
and (vi) altering the administration of the agent to the subject accordingly to bring about the 
desired effect, i.e., for example, an increase or a decrease in the expression or activity of a 
kinase protein. 

C. Methods of Treatment 
[00203] The present invention provides for both prophylactic and therapeutic methods 

of treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant kinase expression or activity. Additionally, the compositions of the invention 
find use in the treatment of disorders described herein. 

1. Prophylactic Methods 

[00204] In one aspect, the invention provides a method for preventing in a subject a 

disease or condition associated with an aberrant kinase expression or activity by 
administering to the subject an agent that modulates kinase expression or at least one kinase 
gene activity. Subjects at risk for a disease that is caused, or contributed to, by aberrant 
kinase expression or activity can be identified by, for example, any or a combination of 
diagnostic or prognostic assays as described herein. Administration of a prophylactic agent 
can occur prior to the manifestation of symptoms characteristic of the kinase aberrancy, such 
that a disease or disorder is prevented or, altematively, delayed in its progression. 
Depending on the type of kinase aberrancy, for example, a kinase agonist or kinase 
antagonist agent can be used for treating the subject. The appropriate agent can be 
determined based on screening assays described herein. 

2. Therapeutic Methods 

[00205] Another aspect of the invention pertains to methods of modulating Idnase 

expression or activity for therapeutic purposes. The modulatory method of the invention 
involves contacting a cell with an agent that modulates one or more of the activities of 
kinase protein activity associated with the cell. An agent that modulates kinase protein 
activity can be an agent as described herein, such as a nucleic acid or a protein, a naturally 
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occurring cognate ligand of a kinase protein, a peptide, a kinase peptidomimetic, or other 
small molecule. In one embodiment, the agent stimulates one or more of the biological 
activities of kinase protein. Examples of such stimulatory agents include active kinase 
protein and a nucleic acid molecule encoding a kinase protein that has been introduced into 
the cell. In another embodiment, the agent inhibits one or more of the biological activities 
of kinase protein. Examples of such inhibitory agents include antisense kinase nucleic acid 
molecules and anti-kinase antibodies. 

[00206] These modulatory methods can be performed in vitro (e.g., by culturing the 

cell with the agent) or, alternatively, in vivo (e.g., by administering the agent to a subject). 
As such, the present invention provides methods of treating an individual afflicted with a 
disease or disorder characterized by aberrant expression or activity of a kinase protein or 
nucleic acid molecule. In one embodiment, the method involves administering an agent 
(e.g., an agent identified by a screening assay described herein), or a combination of agents, 
that modulates (e.g., up-regulates or down-regulates) kinase expression or activity. In 
another embodiment, the method involves administering a kinase protein or nucleic acid 
molecule as therapy to compensate for reduced or aberrant kinase expression or activity, 
[00207] Stimulation of kinase activity is desirable in situations in which a kinase 

protein is abnormally down-regulated and/or in which increased kinase activity is likely to 
have a beneficial effect. Conversely, inhibition of kinase activity is desirable in situations in 
which kinase activity is abnormally up-regulated and/or in which decreased kinase activity 
is likely to have a beneficial effect. 

[00208] This invention is further illustrated by the following examples, which should 

not be construed as limiting. 



EXPERTMENTTAL 

Gene Expression Analysis 

[00209] Total RNA was prepared from various human tissues by a single step 

extraction method using RNA STAT-60 according to the manufacturer's instructions 
(TelTest, Inc). Each RNA preparation was treated with DNase I (Ambion) at 37X for 1 
hour. DNAse I treatment was determined to be complete if the sample required at least 38 
PGR amplification cycles to reach a threshold level of fluorescence using P-2 microglobulin 
as an internal amplicon reference. The integrity of the RNA samples following DNase I 
treatment was confirmed by agarose gel electrophoresis and ethidium bromide staining. 
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After phenol extraction cDNA was prepared from the sample using the Superscript™ 
Choice System following the manufacturer's instructions (GibcoBRL). A negative control 
of RNA without reverse transcriptase was mock reverse transcribed for each RNA sample. 
[00210] Novel kinase expression was measured by TaqMan® quantitative PGR 
(Perkin Elmer Applied Biosystems) in cDNA prepared from the following human tissues 
and cell lines as shown in Figures 4A and 4B: lung; kidney; heart; spleen; fetal liver, 
normal liver (NDR 200, PIT 260), and fibrotic liver (LF/NDR 191, LF/NDR 194, LF/NDR 
079, NDR 141, NDR 190, NDR 192, NDR 225, NDR 249, NDR 250, NDR 251, PIT 324, 
PIT 345), lymph nodes, and tonsil; non-cultured hepatocytes; HepG2 cells; HepG2 cells 
cultured in the presence of TGF-beta; HepG2 cells transfected with HB V; Hep3 cells 
cultured in normal and low oxygen; normal granulocytes; dermal and lung fibroblasts 
cultured with and without TGF-beta; quiescent, resting, and passaged stellate cells; resting 
and phytohemaglutinin-activated peripheral blood mononuclear cells (PBMC); CD3^; CD4"^; 
and CD8^ T cells; T-cell line (Molt 4), Thl and Th2 cells stimulated for 24 hours with anti- 
CD3 antibody and JY cells; resting and lipopolysaccharide activated CD19'*" B cells; CD14"^ 
cells; CD147CD15'' cells; CD34"' cells from mobihzed peripheral blood (MPB CD34^; 
adult resting bone marrow (ABM CD34^); mobilized adult bone marrow (MBM GDI lb ); 
bone marrow mononuclear cells (BM MNC); neonatal umbilical cord; erythroid cells; 
megakaryocytes; neutrophils; hepatitic-C virus-infected liver (HGV); transformed human 
cell lines included an erythroleukemia (K562); and an acute promyelocytic leukemia 
(HL60), A no template control (NTC) was used as the reference sample. 
[00211] Probes were designed by PrimerExpress software (PE Biosystems) based on 

the sequence of the hl4189 kinase gene. The primers and probes for expression analysis of 
hl4189 £ind for P-2 microglobulin are as follows: 

hl4189 Forward Primer ACCGCAGCCGCGTCT (SEQ ID NO:5) 

hl4189 Reverse Primer TCTCTCTCGAGGTGCCGCT (SEQ ID NO:6) 

hl4189 TaqMan Probe TCAGATGATCCTGGAGTGTGGAGGCA (SEQIDNO:?) 

P-2 microglobulin Forward Primer CACCCCCACTGAAAAAGATGA (SEQ ID NO:8) 

p-2 microglobulin Reverse Primer CTTAACTATCTTGGGCTGTGACAAAG (SEQ ID NO:9) 
P-2 microglobulin TaqMan Prober TATGCCTGCCGTGTGAACCACGTG (SEQ ID 
NO: 10) 

[00212] The h 14 189 kinase gene probe was labeled using FAM (6- 
carboxyfluorescein), and the p2-nMcroglobulin reference probe was labeled with a different 
fluorescent dye, VIC. The differential labeling of the target gene and internal reference gene 
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thus enabled measurement in same well. Forward and reverse primers and the probes for 
both p2-microglobulin and target gene were added to the TaqMan® Universal PGR Master 
Mix (PE Applied Biosystems). Although the final concentration of primer and probe could 
vary, each was internally consistent within a given experiment. A typical experiment 
contained 200 nM of forward and reverse primers plus 100 nM probe for P-2 microglobulin 
and 600 nM forward and reverse primers plus 200 nM probe for the target gene. TaqMan 
matrix experiments were carried out on an ABI PRISM 7700 Sequence Detection System 
(PE Applied Biosystems). The thermal cycler conditions were as follows: hold for 2 min at 
50°C and 10 min at 95°C, followed by two-step PGR for 40 cycles of 95°G for 15 sec 
followed by 60^G for 1 min. 

[00213] The following method was used to quantitatively calculate hl4189 kinase 

gene expression in the various tissues relative to P-2 microglobulin expression in the same 
tissue. The threshold cycle (Gt) value is defined as the cycle at which a statistically 
significant increase in flourescence is detected. A lower Gt value is indicative of a higher 
mRNA concentration. The Gt value of the kinase gene is normalized by subtracting the Gt 
value of the p-2 microglobulin gene to obtain a AGt value using the following formula: 
AGt=Gtidiiase - Gt p.2 microglobulin. Exprcssiou is then Calibrated against a cDNA sample showing 
a comparatively low level of expression of the kinase gene. The AGt value for the calibrator 
sample is then subtracted from AGt for each tissue sample according to the following 
formula: AAGt=AGt-sampie - AGt-caUbrator. Relative expression is then calculated using the 
arithmetic formula given by 2■^^^^ Expression of the target kinase gene in each of the 
tissues tested is then graphically represented as discussed in more detail below. 
[00214] Figures 4A and 4B show h 14 189 gene expression determined by TaqMan® 

quantitative PGR in various tissues and cell types. As shown in Figures 4A and 4B, the 
highest levels of hl4189 expression were observed in normal kidney and lung tissue, HepG2 
cells transfected with HBV (HepG2.2.15), fibrotic liver samples, a transformed human 
erythroleukemia cell line (K562), and cells from mobilized peripheral blood (MPB GD34"*"). 
Significant levels of h 14 189 expression were also observed in human hepatic stellate cells, 
spleen, tonsil, cord blood, bone marrow, and dermal fibroblasts. 

[00215] All publications and patent applications mentioned in the specification are 
indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated by reference to the same extent 
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as if each individual publication or patent application was specifically and individually 
indicated to be incorporated by reference. 

[00216] Although the foregoing invention has been described in some detail by way 

of illustration and example for purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the scope of the appended 
claims. 

[00217] Those skilled in the art will recognize, or be able to ascertain using no more 
than routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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